Wy ST

NASA CR- Il&o@?

e —

FNASA-CR-112OB9): STUDY OF THE APPLICATION N72-28003

OF ADVANCED  R.H. Lange, et al

(Lockheed-Georgia .Co.).: [[1972] 70 :p CSCL
018 Unclas

G3/02 31364

A=

STUDY OF THE
APPLICATION OF ADVANCED TECHNOLOGIES
TO LONG-RANGE TRANSPORT AIRCRAFT

VOLUME I

RESEARCH AND DEVELOPMENT REQUIREMENTS
/
)
By R. H. Lange ‘
R. F. Sturgeon
W. E. Adams
E. S. Bradley!
J. F. Cahill /|
R. R. Eudaily
J. P. Hancock
J. W. Moore

Prepared under Contract No. NAS1-10701 by

LOCKHEED-GEORGIA COMPANY
A Division of the Lockheed Aircraft Corporation
Marietta, Georgia

For
NATIONAL AERONAUTICS
AND SPACE ADMINISTRATION

. “Reproduced by

" -NATIONAL TECHNICAL
. INFORMATION SERVICE

U $ Department of Commerce
Springfield VA 22151




, 'STUI')Y OF THE APPLICATION OF
ADVANCED TECHNOLOGIES TO LONG- RANGE
TRANSPORT AIRCRAFT ’ .

S o VQLUME i RESEARCH AND DEVELOPMENT
e e iR REQUIREMENTS

H. Léange

F. Sturgeon S
.E.Adams . gl
.. S. Bradley o
. F. Cahill

R. Eudally
P. Hancock
W.

R.
R.
R.
J.
J Moore

Prepared'under Contract.No. NAS1-1070‘1' by
. THE LOCKHEED GEORGlA COMPANY
- A Dlvmon of the Lockheed Aircraft Corporatlon

Manetta Georgla '

for

e e e
Y e
. '

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION. - . .-




FOREWORD

Contract NAS1-10701 between the National Aeronautics and Space Administration and the
Lockheed-Georgia Company, effective April 16, 1971, provided for the study of the
application of advanced- technologies to long-range transport aircraft. The contract was
sponsored by the Office of Advanced Research and Technology and managed by Mr. W. J.
Alford, Head of the Advanced Transport Technology Program Office at the Langley
Research Center.

At the Lockheed-Georgia Company, the study was performed under the cognizance of Mr.
J. B. Hippler, the Advanced Transport Technology Program Manager, and Mr. R. H. Lange,
the Advanced Transport Technology Study Manager.

Measurement values contained in this report are in both customary and S! units with the
former stated first and the latter in parentheses. The principal measurements and
calculations have been made in the customary system of units.

This document, which comprises two volumes, is the final technical report summarizing the
studies performed and is submitted in fulfiliment of the terms of the above contract.
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ABSTRACT

Investigations were conducted to evaluate the relative benefits attainable through the
exploitation of advanced technologies and to identify future research and development
efforts required to permit the application of selected technologies to transport aircraft
entering commercial operation in 1985. Results show that technology advances,
particularly in the areas of composite materials, supercritical aerodynamics, and active
control systems, will permit the development of long-range, high-payload commercial
transports operating at high-subsonic speeds with direct operating costs lower than those of
current aircraft. These advanced transports also achieve lower noise levels and lower engine
pollutant emissions than current transports. Research and development efforts, including
analytical investigations, laboratory test programs, and flight test programs, are required in
essentially all technology areas to achieve the potential technology benefits.
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’-‘transports are demonstrated by- the appllcatlon
of advanced composﬁe materlals 5upercr|t|cal

' structures contalnmg ‘a high- utlllzatlon ‘of
advanced compdsite. materials; the interference
;-.of wing- mounted _nacelles and pylons with

‘.methodology The emphasns on
“achievement of .noise Ievels 10 and 20 EPNdB
below FAR 36 criteria has ldentlfned technology
gaps the \predlctlon “of. ¢ the
aerodynamlc noise "' of - advanced
f‘conflguratlons in> 'the " achievement of
Ilghtwelght acoustlcally treated englne nacelles,

means of fllght operatlonal technlques ‘In

.."‘followmg hlgh prlorlty tasks- have .been"'
de'-‘ﬂﬁ?d: e t;:;f. |

Design, build,
section’ . of ~a typical advanced
transport composnte wmg box.

,_(1.).:

W

"“-".l(_2) Desugn buuld and test a. fuIIS|ze

transport composrte fuselage

o
!

v l3>

Nacelle—wmg mterference at transonlc
speeds ' :

2 (4) Far field - .. aerodynamic ... .
evaluatlon L

"

(5) . Design, "build,

' iﬁsupercrltlcal wmgs and transomc aircraft design* -
the

barrel, sectlon of a typlcal advar'ced‘

far-field -
transport. |

and /in the ‘validation “of ‘noise “alleviation . by

accordance ‘with the above consnderatlons the '

“and- test a. full-size .’

‘rioise’ -

“and flight - test a _

' falrfoﬂs and actlve controls.- Technology gaps
_.‘nd weaknesses -are also . ldentlfled for Iarge, '

“ FlgureS2 and are |Ilustrated graphlcally‘m

© . .- SUMMARY

; 5The research and development requ1rements Iightweight ""acoustrcally treatédi
generated durlng the course of thls study fulfill = - engme nacelle ‘ BT ,
“the objectlves of NASA in |dent|fy|ng actuons” e S R

“teqiired to accelerate specific technologies with ~(6) 'Transomc‘ ~,design _ .and - analysis.

.-large potentlal beneflts and those where’ methods. R o

- weaknesses ‘are’-. i evndence -Benefits _in S Pt FoR e
performance and economlcs of Iong range* (7) Alrcraft operatlonal technlques '\fo"

no:se aIlevnatlon

The . schedule and fundlng for the apove
‘high- prlorlty tasks ‘are. glven» in’ ',llgureS i

- covering the time’ frame of :FY 1973 through.’"
FY 1980 . Total program costs‘are given - in

) A “
. . v . N
. - . 3 i R N
\Q’ I R R R . : Techr\ol"GY . L
. Tatk 1973 | 1974 {1975 | 1976 |.1977 | 1978 | 1979|1980 | Total * :a'agﬂ Rl
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4y Farfield y anglg.02s] Sl e, 225 Neise .
noise K 4 g, BN DI . e
s, Lightweight 10,340 [0.660 [ 1.000 | 1:500 | 2.500 |-i.500] N Noite’
" acoustic | . . . . e T
. nacelte’ - . ) “r
| 60 Tremsonic | ol L L N S
‘design and' (01500 | 0,400 | 0. 700 | 0.800 | 0,800 | 6.400 | 6,500 Supercritical
methods . L . . ! 1. l v B \
7: Operational | : U R PR I ST
7 techniques-- 0.1500.300 0,150 ) 6.600 | Noise . {*
noise » : B I IR R TR
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Figure S-3. In these figures, the research and % j — ' ' ' '
development - tasks are divided into five { Advanced materials
technology categories. The total cost of all or 5 3 supercritcel lechnology
programs shown is $80.405 million. Of this - . ’ 4 System studies
total cost, advanced . materials account for o1 5 Active controls
$31.715 million or 39.4%, systems studies
account for $24.490 million or 30.5%, noise 14p- )
reduction accounts for $11.260 million or 14.%, ; 3
and supercritical aerodynamics accounts for g rf
$11.535 million or 14.3%. K . 2
% 10
Ed 4
2 3
T ek 3
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4
3 ! 2
4 3
2
4
' | 2 3
2+ \ { >
|
| |
1973 1974 1975 1976 1977 1978 1979 1980

Fiscal year

Figure $-3. Program cost summary.



Thje" objectives of the study described in this
report include both the evaluatlon of the
elative beneflts attalnable through ‘*the

'reqmred -to - permit. the appllcatlon of selected
technologles to aircraft entering the commermal
transport fleet in 1985 L

‘T.he studles addressmg the flrst of these
objectives are descrlbed in. Volume |, “Analy5|s
and- DeS|gn " “In Volume I, the- parametric

studles conducted in assessing the impact of
: advanced technologles are discussed and the .
resultmg advanced technology beneflts are
vevaluated ' :

Development

|dent|f|es -the
reallze he
outlmed .

“Research 'andci
Requwements Th|s volume
future - programs requlred "o
“advanced technology beneflts
v Volumel

' “The research and development tasks Wthh have

~“Volume 1,

20 INTRODUCTION =07 v T i oy

“been identified are categori‘zed" accordirig to -
‘technology area in Sections 3.0 .through 8.0,

plortatlon of advanced technologles and. the r‘rreqwred ‘tasks are evaluated relative to state of .-

identlflcatlon of future. development efforts

in-1985. Estimates of fundmg requurements by
: fflscal year are |ncluded o -‘ S

‘analyses englneermg mvestlgatlons and desrgn )

'technology areas

.This-~ plan:

he second study objectlve is the subject of' _
1 schedules and costs which ensure the avarlablllty
of data as reqmred through the sequence .of"

o programs leadlng the. . productron
: 'commltment of the technologles “In - Sectlon
10.0, requrrements for new developmental

equrpment are descrrbed

v

whlch follow In each technology area thel. e

readlness and - prlorlty,, and -programs are
formulated which - are compatible . with. the
productlon commltment of the technology in -
1980, as required for initial passenger operation:

t

.

Sectrons 9 0 and 10, Oof th|s volume are devoted,
to . aspects of" the research and developmen‘t‘. s
requirements - which. are common ~to -.aII'H'_..
In Sectlon 9.0, a program
‘.plan ‘is developed for ‘the - completlon of flrst
priority laboratory and fllght ‘test programs
includeés- consrderatlon of_'-
mterdependenmes vamong the tasks and’ outllnes

,
)




2.0 CRITERIA

The research and development tasks presented
in Sections 3.0 through 8.0 of this volume are
described with the aid of technology readiness
ratings and priority ratings. The assumptions on
which the ratings are based and definitions of
the ratings are given below.

2.1 READINESS RATING
Technology readiness ratings, based on the
technology status as of January, 1972, are

defined as follows:

sufficiently  well
permit  production

1. Technology is
defined to
commitment.

2. Technology is reasonably well
defined. Additional development is
required, with a high probability of
near-term success.

3. Technology is not well defined. A
significant amount of additional
development is required to correct
technological  deficiencies. Basic
research may be required in some
cases.

2.2 PRIORITY RATING

The establishment of priority requires

specification of both an objective and the time’

~frame within which the objective must be

realized. For the purposes of this study, the
objective is assumed to be the realization of the

technoiogy benefits outlined in Phase |1,
Section 7.0 of Volumel. The time frame is
established by the assumption that the .

technologies must be ready for production
commitment in 1980. Based on these
assumptions, the following priority ratings are
defined:

1. The task is fundamental to the
achievement of the technology
benefits described in Volume | of this
report. The required technology will
not be ready for production
commitment in 1980 without a major
effort.

2. The task is fundamental to the
achievement of the technology
benefits described in Volume | of this
report. The required technology will
probably be ready for production
commitment in 1980 as a result of
currently planned programs.

3. The task will contribute significantly
to the development of an advanced
technology transport aircraft, but is
not fundamental to the achievement
of the technology benefits described
in Volume | of this report.



dlrectlon of research ‘d‘
: effort to meeta produc on

of "4 commercnal alrplane' desngn‘ :

ependsﬂ largely upon the economrc returns |n a

",

b

‘up i to

|mpa|red when provnsmn ls‘made’ for‘doors an

wmdows The ellmmatlon of some or all of the

: .,wmdows could

and lmprove welght
ellmlnatlon of wmdows

problem can be resolved

The problems assouated; wrt 1o
addressed partlcularly ‘with

manufacture of components‘

90 ft (27 4 m)"‘ln b

i ‘,0 fir 3.05 m) in wudvth

,-.adhesuve proc, .sses not requmng the app
‘of heat may be SIgnlflcant to th
appllcatlon of these materlals ) R

catlon
'ractical.

\posmble in
of- appllcatlon of
Ilghtwelght' comp05|te structures to Iandlng
gears and .the . development :
acoustlcally treated nacelles.' '

el
,\(

requurements are glven |n Tablel and.w rel
respectlvely Detalled . task descrlptlons -
mcludmg fundmg and schedule requrrements;




TABLE I. TASK SUMMARY - DESIGN

R;adiness o Trpe " ™ . :
Task ating Priority Study “Labtest | Flt test Retrofit NASA  suppott
Design, build, and 2 1 X Yes Yes
test a lightweight
acoustically-treated .
nacelle .
Cost benefit study - 2 ] X - Yes Yes
of size effects for a . W
flight demonstration
vehicle .
Sl hitosy S g Ne
Integration of trailing= ‘2 ) 2 X No Yes
edge devices and engine
nacelles into wing
Development of passeng= . 2 . 2, "X No Yes
er and cargo accomo- ) . : .
dations - ,
Design main landing 3 2 X . Yes . Yes
gear using composite .
materials
Design of compesite 2 2 X ’ X Yes Yes
supercritical transport- ’ .
type wing for flight
testing .
Landing gear wheel 3 2 X No Yes
drive system -
Application of air- 3 -3 X No Yes
cushion landing gear .
Acceptability of K 1 3" ‘ X "Yes Yes
windowless passenger
cabin
Design of advanced 2 - 3 X : No Yes
control systems . ’
for transonic transport
Structural design 2 - 3 X No Yes
concept study
0 L acoustic-composite nacelles capable of meeting
o160 , the noise level objective of FAR 36-15 EPNdB.
8- ’ : 7 Using nacelle . contours developed for.
e 6.660 application to the M =0.95 configuration,
3 ef 3:835 . . emphasis will be placed on combining acoustic
0 . - . - .
e 3 liner and composite structural materials. Every
5 4 4820 . effort will be made to assure a: -practical
< ’ installation directly applicable to production
2} & 4 usage in advanced technology aircraft. '
0.935 \ - -
0 AN » Scope: A three-phase program, extending for
1972 73 74 75 76 77 78 79 <1980 : )

Fiscal year

Figure 1. Funding summary - Design,

3.21 Design, Build, and Test .
A Lightweight Acoustically-Treated Nacelle

Area: Design

Objective: The objective of this program is to
design, build, and test.  integrated

six years is planned for this study. The first ‘
“phase includes analysis, component laboratory

tests as required, -and detailed. nacelle design. .

‘The second phase consists of fabricating a

boilerplate nacelle and performing the static test
stand portion of the program. Fabrication of
four flight-weight nacelles and' the completion
of a flight test series constitutes the third and
final phase of the program. Test engines will be

‘supplied as GFAE by the NASA.

Approach: The initial task will be to perform



;- preliminary analyses and .identify the areas
" .requiring further component development.
E‘,Tests will be planned’ to -establish minimum
technoldgy levels for these cases.
j'i; these tests will be integrated into the detailed
: '.;.de5|gn work already under ‘way.. The first
‘nacelle ~ design
;_Z'aerodynamlcally and acoustlcally engineered

'"hardware The program will include static

performance noise, fatigue, -and compatibility

< tests When reasonably satisfactory. results are
o obtalned fabrication will begin on' the fl|ght
hardware ‘The  flight: ‘program will include

" levels, as well as tests to-evaluate compatlblhty

oooand performance. The operation ‘of anti-icing,.
“drainage, and cooling systems will be studied.
. ‘Maintenance requ1rements of acoustlc Imers will

be determmed

" -'",-'Results and Potentzal Benefzts

accurate p|cture of the lmprovement potential,
as applied to nacelles, in the -areas of weight,
using cost comparisons with conventional

‘and * wide
documented. The . practicality of combmmg

oy .‘.acoustlcal treatment . with . composnte structure.
will be determlned ‘Compatibility of acoustical

treatment with internal engine aerodynamics
,"-_W|ll be evaluated in detail.

2000

Y
L O

-

1

1500

1000

Funding, 1000 dollats -

1972 . 75 76 77, .78 79 1980
. Fiscal yeor )
N
oo Figure 2 Fundirg requued Design, build, and test a hghtwelghl
AR TN acoustically treated nacelle.

Results’ from

completed ~ will 'be an*

'-‘b0|lerplate configuratign. Fabrication and early- B
~ testing will precede the building’ of any flight

- " complete tests to determine cértification noise  © gyeq:

‘Objective:
‘Successful
'completlon of this .program WI|| provrde ‘an’
performance and noise. Tradeoffs will be made -

nacelles. The effects of.vibration, sonjc fatigue;
ranges of temperature ‘will be

' The development of - :
o at least one versnon of an advanced technology v

" prototype nacelle will be completedand, with " " -

little modification, could be utilized in a

_.practical production installation. ‘

Facilities: A Iarge experlmental shop to house '

the fllght vehicle wnll be requ1red

Funding' Fundlng requnrements for thls task.‘
are shown in Flgure 2 : vt

Lo

3 2.2 -Cost Beneflt Study of Snze Effects
For a Flight Demonstratuon Vehlcle

Design R \

which can be obtained from research aircraft of
various sizes  designed to simulate pertment
charactenstlcs of advanced technology transport
alrcraft and to estlmate costs of such alrcraft
' struCturaI, ",dynamics,

Scope: ‘ Ae'rody'namic',

"propulsion, and control systems analyses will be .
performed to evaluate the degree of S|mulat|on o

possible for specmc research tasks

Approach The fundamental deSIgn parameters_ : ‘_‘

of research: alrcraft will be studied in relation’ to ‘
the degree of simulation of large transonic

.transport aircraft. - Relative values of size, mass, . ... .
flexibility, control system.dynarnics, and fllght"‘j Y

condition will be adjusted to improve thIS‘
simulation. .

and materials research tasks which might be

L accOm‘pIished with such aircraft.

Results and Potential Benefits: By assesslng |
the useful research informatijon obtainable from. -
flight tests of aircraft scaled as indicated above,

~in relation to the cost of design and fabrication

of such aircraft, the minimum- cost. airplane

requ1red ‘to. accomplish given tasks ' can be "
defined.

Facilitiés: None."

"To assess: the meanmgful test data e

Special . attention will be given to
aerodynamic, fllght dynamlcs aeroelastlc n0|se e




Funding, 1000 dollars

Funding: Funding requirements for this task
are shown in Figure 3.
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Figure 3. Funding required - Cost benefit study of size effects for a flight
demonstration vehicle.

3.2.3 Composite Materials Design Philosophy

Area: Design

Objective: To determine the proper scheduling
relationship of test programs, engineering,
manufacture, and flight testing for application
to production airplanes designed for high
utilization of composite materials.

Scope: Design  concepts for composite
structures, including materials mix, will be
considered to ensure compatibility. Assessment
of tooling and manufacturing methods and skills
required will be included.

Approach: Historical data relating to
scheduling used in past programs will be
analyzed to determine the phasing of test and
experimental data relative to engineering,
manufacture, and flight test segments of these
programs. The impact of using estimated data
with later test verification upon design and
design changes will be determined for
translation into design concepts for composite
materials.

Results and Potential Benefits: The study will
provide a design philosophy based on past

experience, extrapolated to new design concepts
using composite materials and other technology
advances, to ensure the proper interdisciplinary
relationship required to meet program goals.
Facilities: None.

Funding: Funding requirements for this task
are shown in Figure 4.
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Figure 4. Funding required - Composite materials design philosophy.

3.2.4 Integration of Trailing-Edge Device and
Engine Nacelle Into Wing

Area: Design

Objective. To  determine the optimum
trailing-edge high-lift device for the M = 0.95
study airplane. Nacelle locations and pylon
shapes will be determined, as well as solution of

structural requirements for high-lift system,
nacelles, and pylons.

Scope: In-depth analysis of the M=0.95
configuration flap system and
engine-nacelle-pylon integration, based on’
results of tests and engine studies. The analysis
will include jet efflux proximity to lower
surface, impingement on deflected flaps, and
acoustic effects. ‘

Approach: Using the flap and engine nacelle
arrangement developed during the current study
as a baseline, flap system loads will be
determined and a system designed to meet the
stringent requirements of the airplane. . Effects
of wing distortion, span load continuity with
flaps deflected, manufacturing tolerances on



1

slats and .caps, and engme nacelle locatron will -
be mcluded Englne data from the engme
contractors will be used

Results and Potentzal Benef ts
‘provide an  accurate assessment o
N wnng/flap/nacelle pylon . -integration . welght
penaltles ‘the effects of jet efflux on wing and.
> flap desrgn conflguratlon and materials, plus

i OCCUFIng to . a supercrltlcal

wmg on flap'
.System/nacelle desrgn ; S

v

Faczlmes None e .

" "Funding
o ‘ii-"are shown in F|gure 5
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Fugura 5. Fundmg requlred Inl’egrohon of lrallmg-edge devlcas ,'
and englne nacelles into wing. '
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325 Development of Passenger and Cargo‘

e Accommodatlons e

o Area DeS|gn
7 Ob]ectzve
. concepts for. fllght statlon mtegratron passenger
" service and comfort and cargo baggage
L on board handlmg '

“ Scope . This - study will - be
o development of. desrgns to ‘solve current aircraft
*"interior ‘problems and 'incorporate the advanced

. -I. alrframe and alrllne mdustrles
~area-ruled

1;"-Approach Usrng .ly,the_..v . body

 The study will

l_determmatlon of the effects of . dlS‘tOl’thl‘lS ‘

Fundlng requrrements for this task

' ultlmate

K ot

" To. generate human englneerrng{

‘limited to. the

- ‘features considered feasible and desirable by the -

developed for ~.the. M= 0.95" basellne
conflguratlon and analyses of current alrcraft
interior ‘problems, perform design ‘studies to .
‘maximize” use. of - : body. volume .created by
area- rullng Desrgn schemes will. be sought by
which " current passenger comfort levels and -
."cabin _ crew: efﬂcuency can’ be upgraded
Problems such as crowded seating 'and.
.inadequate galley or -buffet facilities can
undoubtedly be solved ‘or greatly lessened. by.
“proper use of’ addmonal cabm volume Body"

, shape and volume studies of the underfloor

_cavities . will . serve to |mprove on- board . 1 N
“cargo- baggage handllng ‘Human engmeermg and Cualoa
cockpit integration studies will be aimed at: .
reducnng pilot work load and increasing safety R
- while* con5|dermg the-. impact " of steeper gllde =
slopes and congested terminal areas

Results and Potentzal Beneflts The study wnll
produce design’ gmdelmes acceptable to “the”. '
airline operators for flight- statlon S
arrangements usmg ‘advanced |nstrumentat|on '
- and techmques lmproved passenger comfort
Ievels cabin. crew . efficiency, - and advanced
oncepts for on-board cargo- baggage handling. . :
Human engmeermg mockups -as. required to. :»_---;;jff:,'.v'
verlfy proof-of .concept in. interior arrangements B
wnllbe producedv S . AT

.lv

Facrlmes None

Fundzng Fundmg requrrements for thls task
“are shown in Flgure6 L
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" Figure 6, Funding required - Development of p gel B

and cargo accommodations.




3.2.6 Design Main Landing Gear Using
Composite Materials

Area: Design

Objective: To determine the feasibility of
manufacturing a landing gear strut from
composite materials in order to realize the
weight savings accruing thereto.

Scope: Explore the possibilities of using
composite materials for fabricating the major
components of a muitiple-strut main landing
gear. Based on these findings, design a gear,
identify the manufacturing skills and facility
items required, and perform drop tests, static
tests, and flight tests.

Approach: Exploit the lightweight
characteristics and flexibility of materials usage
to determine the requirements and techniques
required to design and fabricate a landing gear
from composites, and/or composites and metals
in combination.

Results and Potential Benefits : Design criteria,
design techniques, and test data required to
make use of composites in the design and
fabrication of mechanical items such as landing
gear.

Facilities: None.

Funding: Funding requirements for this task
are shown in Figure 7.
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Figure 7, Funding required - Design main landing gear
using composite materials.

3.2.7 Design Of Composite Supercritical
Transport-Type Wing For Flight Testing

Area: Design

Objective: To verify the structural integrity of
a wing box constructed of composite materials.

Scope: Design and fabrication program for a
scale-model wing for flight test.

Approach: Using the M=0.95 baseline
configuration, a wing box to the appropriate
scale for adaptation to the NASA F-8 test
airplane will be designed and built. The
wing-box design will in¢orporate the features
necessary to simulate a transport wing design as
closely as practicable within the size constraints.

Results and Potential Benefits: A flight
specimen of a composite supercritical wing box
for flight test to verify the structural integrity,
determine the maintainability problems,
establish repair procedures and techniques, and
determine operational serviceability
characteristics.

Facilities: Composite materials manufacturing
equipment.

Funding: Funding requirements for this task
are shown in Figure 8.
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Figure 8. Ffunding required - Design of composite supercritical
transport-type wing for flight testing.
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';Area Desugn

Ob]ectzve To prowde a comparlson between '

alrcraft in and around alrports
Scope
-, ;and testing to determlne the feasublllty of

Iandlng gear using auxiliary power sources. The
study will conSIder landing-gear/system-integra- .-

performance and alrplane costs; and operatmg
K=l onomlcs .

. v
- - B

Approach The , main Ianding' gear
conflguratlon of the M = 0. 95 study aircraft will

-gear’ desngned Desngn ‘conditions will. ‘be
estabhshed analytlcally and: confuguratuonal,

orngmal M =0.95 conflguratlon

’ mmated in WhICh a powered wheel-drive system

desugned fabricated, installed, and tested.

Results and Poten tlal Benef“ ts
provrde design, - weight, operational, and
comparatlve economic -data. Configuration

L establlshed

;' Faczlmes None

8. .
3 .-
4
-

1000 doblars == :
e .
8
o
1

g

1972 73, 74 75 76
) ’ Fiscal yeur .

Flgure 9. Fundmg required - Londmg gear wheel dnve system

3228 Landing Gear Wheel Drive Systm. . .

the -use “of powered -drive .main- -landing- gear"_-‘ I
wheels and englne power for maneuvermg o

~ Area:. Design . .

The study will mclude mvesttgatlons'

.applylng a wheel dnve concept to the main -

" tion; effects on bogie-axle-brake design, weight,”

be taken: as the baseline, ‘and 'a power-driven - - _practical .

changes will"be ‘made where required.” Welght
performance and economic estimations ‘will be”
-“based on the’ same crlterla as were used for the .
Follownng"’

prelnmmary studles "a test program ‘will be

for a’ meduum sized - jet. transport will be:

" The study quI'f "'Welght

mtegratlon materlals and design crlterla will be '

' Results a’izd ‘P‘o“ten'\' tial Ben‘e’fivt's:
- provide a comparative basis for selecting a gear
*for - the -airplane,
’ ‘_.conflguratlon changes ‘and the practlcal aspects

| 'Facilzjties';'

oy

Fundmg Fundlng requlrements for thls task\:.,

- are shown |n Flgure 9 L

329 App!ication of Airegushion LandlngGear

Objective:- .
conventlonal and .air-cushion; landmg gear. and

‘establish a criterion for selectron 'of gear, from ...
practical and economic, viewpoints, and to

provide fabrlcatlon lntegrat|on and operatlonal D

test data
Scope

applylng an. air-cushion Iandlng gear” to the
M=095. confrguratlon

and operatmg economics,-and’the. appllcatlon of-

such a system to a current jet transport to galn“'. R

peratlonal test expenence

‘ ,.'- .

Approach Usmg the M = 0 95 conflguratlon as’ -

. .a base, the preliminary deS|gn of an a|r-cush|on_,
-gear WI|| be. accomphshed Desngn conditions ;-

will be 'established analytically and alrplane_‘"'_'

8 conflguratlon changes wnll be made as requured £
“and’ economlc Rt
estlmatlons will be based on the same criteria as . -

performa nce, . cost

used for. the -M= 0.95 study airplane.’

2 Comparatlve data for -a’ conventlonal “landing : 'T",

gear will be established. An air- cushlon gear will
be desrgned fabricated, and tested on a’current

_jet  aircraft ‘to_ establish desrgn fabrlcatlon and
‘ operatlonal cntena e S :

- The study will-
including . the materlals .

related to air- cushlon gears.

‘Ndne. A

To_provide a comparison between * -

Investlgatmn of the feaS|b|I|ty of,._f" 1'

~ considering  the
aspects  of - awframe-desrgn/landmg-,
gear/ propulsnon system “integration and the‘}-;-.,
effects on welght performance alrplane cost, . -




Funding: Funding requirements for this task
are shown in Figure 10.
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Figure 10. Funding required - Application of air-cushion landing gear.

3.2.10 Acceptability of Windowless
Passenger Cabin

Area: Design

Objective: To determine from the flying public

their reaction to and acceptability of a
windowless passenger cabin.

Scope: Analysis of passenger reactions to
determine the general acceptance level of
making reasonably long flights in a windowless
passenger cabin. Study feasibility of installing
decorative panels to replace windows.

Approach: With the cooperation of an airline
flying military charter flights, blank out existing
cabin windows, using trim panels in their place.
Gather data on passenger reaction by
observation and questionnaire. Analyze human
factors data collected for presentation to
commercial carriers to solicit their opinions.

Results and Potential Benefits: This study will
provide a valid human-factors data base of
public opinion regarding public acceptance of
windowless cabins. These data form the basis
for tradeoffs between passenger acceptance and
potential economic benefits derived from
weight-saving  available  through window
deletion.

Facilities:  Use of one or two passenger
airplanes in normal operations in charter service.

10

Funding: Funding 'requirements for this task
are shown in Figure 11.
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Figure 11. Funding required ~ Acceptability of windowless passenger cabin.

3.2.11 Design and Test of Advanced Control
Systems for Transonic Transports

Area: Design
Objective: To perform detail design and test of
control systems for the M =0.95 configuration.

Scope: Component requirements will be
developed based on system synthesis. Detail

designs will be prepared, parts and subsystems
will be fabricated, and the system will be
tested. Since most of the components involved
are normally vendor-supplied, contacts and
coordination with component vendors will be
established for a prototype system.

Approach: Analyze problems of advanced
control system components resulting from the
severely restricted space limitations dictated by’
the supercritical airfoil sections and complexity
imposed by a high degree of redundancy.
Component requirements will be determined as
dictated by applied loads, ride quality, artificial
stability, flutter, temperature, and operation.
The M = 0.95 supercritical airfoil system will be
designed and scaled as required for installation
into a current jet aircraft for test operations. A
system will be fabricated, ground tested, and
flight tested. Wing high-lift devices, ailerons,
rudder, elevator, flying tail, asymmetry
detection devices, high-speed higher-pressure



‘ _5,,: Fundmg
L are shown in Flgure 12,

* hydraulic ‘pumps and systems, - torque-drive
units, and' flutter suppression units will be

'»rconS|dered and included as required in the.'

desngn for the test: system.

: Results and’ ‘Potential Benefits: Design criteria.
for transonic transport - ‘control systems and
components from a broad base developed from

" - . system synthesis, detail design, fabrlcatlon and

‘ground and flight tests.

: “wFacilities-: : None.-v

1000

" Funding, 1000 dollars’ 1

(=]

1972 73 74 75 76 7 . 78 79 1980
* Fiscal year -

Figure 2. Funding required.-'Design of advanced control
systems for transonic transport. B

R 3212 StrdcturaI‘DeSign Concept Study.- -

" Aréai Design

Objective: To determine the feasibility, weight,.
~and cost of unconventional design concepts as

o _‘applled to composnte alrcraft constructnon

'Scope Explore the posmblhtles offered by
various. unconventlonal structural concepts such

as curved spar and strlngers at swept wing roots;

. Approach Usmg the. M
" a baseline, examine the structural concepts in-
sufflclent detall to estabhsh design feasnblllty,
‘structural

Fundlng requlrements for thls task, )

‘ Results and Potential Beneftts

' methods of

‘ ,F undzng

 Funding, 1000 dollars -

multl dlagonal spar . “rlbless wmgs
panels with integrally molded strlngers and rib
ties, etc.

sui"face

Methods of repairing damaged .-

composite bonded assemblies will be lncluded S

intégrity, * weight,. and " cost.
Determine the comparatlve welght and cost data

impact on the airplane.

studies.

0. 95 conflguratlon as. |

. for. 'thevarious. concepts and . the. economlc{t.:}f;:
Detail  design and’
~fabricate a half- -wing structural test specimen of .
" the concept ‘selected from - the economlc"_\"
‘Static test the specimen to. verlfy”'“
‘strength and fatigue * .criteria’ used. - Develop.,'

methods to accomplish damage repair.. for. S

pr|mary structural composne components

result in an optlmlzed structural arrangement

for ‘the . aircraft wnth comparatlve welght and:.
. cost data desagn fabrlcatton and’ structural '

The study will

‘criteria verlflcatlon by testmg, and practncal S

structures.

“ Fac‘ilit‘ie's“-' None. SRR

are shown in Flgure 13.
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Fundlng requlrements for th|s task‘.‘.j‘:. c




4.0 AERODYNAMICS

4.1 STATE OF THE ART

The aerodynamic development of any aircraft
depends heavily on an intimate interplay among
several design and development processes. In
early stages of a program, only engineering and
design functions are involved. However, overall
program schedules require that tooling and
manufacturing efforts begin before final
developments in aerodynamics and other
technical disciplines are completed. Phasing of
these functions is illustrated in a simple manner
in Figure 14. The pacing of development in the
technical disciplines is directly proportional to
the facility with which accurate predictions can
be made of the effects of variations encountered
in any of the disciplines as the total airplane is
evolved. The R&D effort devoted to
improvement in the precision of predicting
aerodynamic characteristics of given
configurations, or of developing the
configurations which will achieve optimum
characteristics, therefore has tremendous
leverage on the outcome of the total
development program.

The initial concept of a new airplane design is
usually based on a partially developed set of

8
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development /
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design \ /
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Time —m Performance
Flying qualities
Structural integrity
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Figure 14, Develog phasing schedul
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technological information. In some cases this
might be a theoretical concept by which
optimum aerodynamic shapes and their
characteristics can be described analytically, but
with an incomplete experimental demonstration
of their achievability. In the case of
supercritical aerodynamic information, the
experimental demonstration of efficient cruise
performance at Mach numbers very close to
unity is in hand, but the analytical capability to
describe aerodynamic shapes for a new
configuration which will attain a comparable
level of cruise performance is not well
established. Current practice generally relies
upon experimentally demonstrated correlations
between the subcritical velocity distribution
about a given aerodynamic shape, and the
desirable supercritical velocity distribution for
that same shape at higher Mach numbers. Using
these concepts for the initial design of a wing,
combined with a fuselage, empennage, and
engine pods in such a way as to build up an
acceptable total area distribution, with each of
the components designed to be an efficient
shape, provides the first approximation to an
acceptable aerodynamics configuration.

Development of a final configuration then
depends upon wind-tunnel testing, with the
measurement of sufficient detailed aerodynamic
information to diagnose the cause of any
deviation from the design characteristics.

Recognition of the source of the discrepancy -
permits the application of proper corrective
changes to the aerodynamic contours based on
empirical or analytical knowledge of the effects
of such contour modifications.

While the example just cited relates to
supercritical aerodynamics, the same process is
required to develop acceptable aerodynamic
characteristics for any flight regime for which
there does not exist an aerodynamic theory
adequately describing the significant flow
properties, plus a sufficient amount of



"experimental data to substantiate the theory .

“and to define the limits of its applicability. The

"+ .effects of this incomplete status of aerodynamic:

" information produce significant impacts on an

. airplane development program in several ways:

time - and

(1) Increased cost for
. experimental development.
(2) Program delays to accomplish

g cérifiguration refinem’ent.

o (3 Possmle

judged in’

well as their

revnsuon of tooling and
scrappage or rework of fabricated
, parts.
-
-
. . — -
Co ‘ : e 2
', With incomplete . v // ' §'_
] technology,  * ° Pt 238
2 /'/ =°
il \/
.0 A o g Development
[ Program delay
8 i milestones 7
: “With fully
developed
technology

‘development -

Time

Figure 15, Typieal effect of delays to program cost and schedule.

These effects are illustrated by the curves shown

. Figure 15... Each- failure to reach an
establlshed program milestone due to difficulty
Ain. achuevmg projected characteristics results in
addmonal efforts on that task and frequently

requues repetition of subsequent tasks which

have been based on the projected
" characteristics. - The magnitude of the.impact of
each such event increases with time since a

Iarger number of completed tasks are affected. .

. The cumulative effect is an increase in both cost
and time span for the development program-and

qurte ‘properly “could result in additional costs

due to penalties for late dellverles

| The significance - of  the . following

recommendations for additional research and .

" development efforts in aerodynamics must be

.characteristics for such configurations.

consideration of ' the ' required
capability to derive configurations which will
achieve optimum characteristics and to- assess.
the effects of configuration modifications, as
direct effect on improved
performance. S o |

4.1.1 ,Transonic‘ Aerodynamics .-
Ecouemic studies presented in Volume | of this

report show that the return-on investment for _
an airplane designed to cruise 5500 n.mi.

{10 186 km) at 0.95 Mach number with 400
‘ passengers is increased by approximately 6% by

incorporation of the supercritical wing.
Additional benefits accrue, however, in such
areas as buffet margin, and the reduction of
problems in achieving high takeoff and landing

4max1mum lifts. These factors do not influence * *

economic- analyses S|gn|f|cantly As indicated
previously, the supercritical aerodynamic
already ‘accomplished  has
demonstrated the capability of cruise at Mach
numbers very close to 1.0. The outstanding

“task remaining s to attain -the - aerodynamlc

design ability to develop configurations ‘for

. arbitrary “mission requrrements and - for rapid -

detail aerodynamlc

Results

assessment of  the

of tests conducted in the contracted Parametric
Optimization Test Program have shown that a
reduction in size of the-inboard wing glove of a
supercritical wing can improve pitching moment
linearity at high lift coefficients with some
sacrifice in zero-lift pitching moment. -In. the

absence of analytical tools to evaluate changes -

such as these experimental programs and
accompanying  configuration  studies are
required to permit wmg planform geometry‘ '
optrmlzatlon ;

The strong lateral propagation of disturbances
at - .near-sonic . speeds . invalidates many

aerodynamic approximations which have proven

extremely useful at lower speeds. Strip theories
or. lifting-line theories for evaluating aeroelastic
effects are outstanding examples. Accelerated
effort, both analytical and experimental, are

13



required to develop methods for these analyses.

The efficacy of the area rule in establishing
overall configurations has been clearly
demonstrated in the course of development of
supercritical aerodynamic technology. The
additional requirement that each component of
an airplane configuration must have an efficient
aerodynamic contour of its own sometimes
conflicts with practical design considerations
relating to pilot \visibility or structural
requirements such as flap-track fairings or
enclosures for landing-gear stowage.
Generalized experimental studies, accompanied
by analytical consideration of results, can
provide guidance for the design of these
appendages and for the achievement of their
'sometimes beneficial side effects. For example,
flap-track  fairings have produced drag
reductions in spite of their increased wetted
area.

4.1.2 Transonic Wind-Tunnel Testing

Slotted or perforated wind-tunnel walls are
satisfactory in eliminating or decreasing wall
constraint effects at modest subsonic Mach
numbers. Because of the extensive propagation
of disturbances at near-sonic speeds, however, it
is likely that new wind-tunnel test-section
configurations will be required, or new sets of
wall-induced corrections must be applied to
wind-tunnel data. Studies are now underway by
NASA to evaluate the severity of this problem.
Great urgency must be attached to adequate
solutions to these problems, since much of the
aerodynamic information required for the
development of advanced transports must be
based on the results of wind-tunnel
investigations.

Reynolds number effects have been shown to
produce large changes in aerodynamic
characteristics measured at transonic speeds for
several existing transport aircraft. It would be
expected that supercritical wings would be
susceptible to similar effects due to high aft
loading  and rather  flat  supercritical

14

Mach-number distribution. Existing basic data
were obtained with transition strips on the
model wing located to match the estimated
flight boundary-layer thicknesses, and should
therefore provide reasonable approximations of
the flight flow condition for cruise conditions.
The potential exists for discrepancies between
wind-tunnel and flight results from two causes;
significant differences in shock location due to
differences in trailing-edge separation at high lift
coefficient, and differences in development of
the supercritical flow field resuiting from
differences in the growth of boundary layer
thickness. Research is required to produce a
better understanding of the complex flow
phenomena leading to these results and to
develop wind-tunnel test procedures and

techniques for adequate full-scale simulation.

Ultimately, wind tunnels with full flight
Reynolds number capability will provide the
only completely satisfactory method to
investigate these effects. Current NASA and Air
Force efforts to develop such facilities must be
encouraged. An outstanding point which is
sometimes overlooked in this regard is that
currently  existing  wind-tunnel capability
imposes certain limits on the improvement in
transonic  airplane development.  Current
practice generally demands that all significant
flow separations be eliminated in wind-tunnel

tests for cruise conditions at the test Reynolds
number, which may be an order of magnitude
less than the flight value. This procedure is
necessary since the Reynolds number effect on
separation cannot be predicted with confidence,
and results in an inherent conservatism in the
aerodynamic configuration development.

4.1.3 High-Lift System Development

The development of suitable high-lift systems
for advanced technology transport aircraft
presents problems which are, in many respects,
unique to these aircraft. Planforms with
inboard highly-swept gloves, thin after-portions
of airfoil sections, and high sweep angles are all
features which produce different effects from
those which are rather well known for most



current airplane configurations. Data presented

. in-Volume | of this report show that significant
5  reductions in alrcraft size and cost to performa .
glven cruise mission can be’ achieved by -

“+. " increasés in - wing loading. Consequently,

powerful -high- -lift - devices.

hlgh -lift " system efmement ‘ The ultlmate
~"benefits " accruing to’ advanced technology

“ aircraft from improvements in high-lift-system - :

o performance appear in terms of both lower

costs for the airlines and an. lmproved acoustlc

envnronment for the airport neighbors.

4 2 R&D TASKS

Recommended R&D tasks in aerodynamlcs and '

a- summary of. the correpondlng -funding
"'reqmrements “are glven
by 77Flgure16 " respectively.
ol descrlptlons
o requwements
through427

are given . in
'-.Area: Aerodynamics -

Ob]ectzve (1) To expand and refine "cutrent

o of supercrltlcal
combmatlons
- design ¢ - methods based - on.
subsomc/supersonlc flow conditions.

wmgs

UItimate development of methods to

Séépe:
- : design problem with

attack' " this -
~-three- dlmensmnal
con5|derat|ons is likely- to extend over -several

Y 7. years. The two-phased objective noted above is
immediate progress, in’
" supercritlcal aerodynamlc development whlle‘:

requured to permit :

contmumg toward" the. firal goal Coordlnated

’ requlred in ‘both phases Efforts on empmcal

T T
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attalnment of ‘reasonable field lengths requires.

“ Reduction “in " -
commumty noise. Ievels add to the.incentive to -
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‘. davelopmentfor. 2 12 X X | Ne Yes

~‘Table Il and . -
Detalled “ task’
lncludlng funding- and . schedule' .
Sectlons4 2. 1 -

" Funding, 1000 dollars

f .4;2.1"'..T"ransonic Design and Analysis' Methods

" semi- empmcal methods for aerodynamlc design:
and wmg -body |
(2) 'To develop- aerodynamic

‘mixed . Approach: (1 )

‘mixed flow, wing/body

existing methods to improve correlation and to

‘optimize airfoil characterlstlcs (3) Accelerated
“development * of
- computation methods ‘aimed at. thev ultimate =
"analytlcal and wnnd tunnel investigations .are

Readiness . Type ’ NASA
Tesk ) Priority : Retrofit
. rating Study | Lab Test | Flt Test .| support

Transonic design o o L ‘ o
and malym 3 v X X . No Yes | .
methods . . B . R . . A R

Pitching moment .§ .. 4~ ' o e D B i
chardcteristics of . 2 12 Xooo] o X oo T No "] Yes I
supercnhcal wnngs . AT MR VR R

wpercriﬂcul wings|
Transonic wind . a0 :
tunnel test - .| 3 7| 2 . b X
techniques . 1 - .

Reynolds number ,

 |eftects on super= T2 2 : . X X No f.Yes | .7

critical wings

Aerodynamics datq| . . .
for aeroelastic 2 2 1 X X ' No Yes -
analysis - e

Optir:m design of | T S - .
protuberances for . .
ladvanced fachno=| .2 - |3 .| % L No | Yes .
logy transport -

74 .75 .

1972
. ) Fiscal yeur )

8 Figure 16, Fundmg summary. = Aerodynumlcs

methods should be phased out as mlxed flow" o
techmques demonstrate useful desugn capablllty B

’ ‘ Expenmental‘ ‘studies  to
establish optimum location of  cutouts to
produce - required area distributions and
penalties associated with non-optimum area
distributions,  e.g.; . partially ~ cylindrical
fuselages. (2) Two-dimensional wind-tunnel
tests, coordinated - with -calculations. using

‘promising - mixed-flow "

goal of - designing optimum. . wing-body
comblnatlons recognlzmg practlcal constramts”




The complexity of this problem precludes the
establishment of a straight-forward listing of
tasks which will culminate in the desired
capability. Several of the candidate mixed flow
methods should be pursued until a concept
emerges which can obviously be developed into
a design procedure. This can best be
accomplished by NASA coordination of efforts
by several investigators, combined with
appropriate wind-tunnel correlation studies.

Results and Potential Benefits: Successful
completion of this program may result in small

improvements in aerodynamic performance
characteristics. The outstanding benefits will
appear, however, in reduced wind-tunnel

-configuration development and in shorter and
less costly overall development programs.

Facilities:
facilities.

Existing wind-tunnel and computer

Funding: Funding requirements for this task
are shown in Figure 17.
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T T
% / :
1 1

Fiscal year

Figure 17, Funding required - Transonic design and analysis methods.

4.2.2 Pitching-Moment Characteristics
Of Supercritical Wings

Area: Aerodynamics

16

To establish the trade-offs in
airplane design associated with
wing pitching-moment

Objective:
transport
supercritical
characteristics.

Scope: Wind-tunnel data will be obtained from
tests of a model with a parametric variation of
inboard glove designs. Utilizing the results of
these tests, operating costs will be compared for
aircraft designed with each of the configurations
tested. These comparisons will show the
trade-offs of potential changes in trim drag and
parasite drag against improvements in
pitching-moment linearity.

Approach: A series of four wings, all designed
for cruise Mach number, but with variations in
glove planform and camber, will be tested on a
model representing a specific transport airplane
design. Based on results shown by the
parametric optimization program, changes in
linearity of pitching-moment data, combined
with changes in zero-lift pitching moment, can
be anticipated. The source of these changes can
be identified from pressure distribution
measurements. Using the parametric sizing
program, weight, parasite drag, and trim drag
changes can be accounted for in establishing
airplane configurations and operating costs for a
given mission. ‘

Results and Potential Benefits: Total airplane
configuration optimization can be improved by
recognition of the trade-offs outlined above.
Deletion of a particularly complex SAS
function can be accomplished if
pitching-moment curves can be adequately
linearized without significant penalty.

Facilities: Existing transonic tunnels.

Funding: Funding requirements for this task
are shown in Figure 18.
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" Figure 18. Funding required = Pitching rnomem characteristics of supercritical wings,

4 2 3 ngh Lift System Development
For Supercritical Wings

Aerodynamics

. Objective: To develop complete data on the

“aérodynamic characteristics  of adva‘ncedv
S technology aircraft with highly - effective
: ‘hcgh lift devices. - ' o

' Scope: Analytical ~ and  experimental -

irivestigations should be conducted to define the

: 'u:,low-_speed performance, stability: and control
Ny characteristics, and the downstream' flow field
"' for advanced technology transport aircraft, and

to .permit prediction of these properties for

o future " aircraft having  various design
’}},spemflcatlons - :
-;:App'roach Current NASA studies directed

toward development of hlgh -lift systems should:

B be: expanded in the followmg areas

(1) Refinement of highlift device

geometry.

""" (2) Definition of the vortex-shedding
characteristics of  wings . with
highly-swept inboard gloves, and the
effect on the flow field at
rear-mounted  engines and the

Further. benefits could be achleved
" devélopment  of

'. Hv' ’ B Im ' .
o \ 1t ! | -

+ lift-to-drag

empennage.

(3) Correlation of experlmental versusf«.__-
calculated results :

Several analytical methods are in‘ex'istence and .
can be used in the correlation process. Proper’ .. -

correlation ‘of the experrmental and analytical’,
results would permit design of future aircraft. -
with lower development.costs. :

in the .
. advanced " "transport
configurations if . modest amounts’ of external”
blown-flap effect can be produced W|thout'f
increases in noise " level.

Results and Potential Benefits 4 Di‘rect benefits
will be deruved from increased maximum lift or

for higher wing loadings at given field _lengt‘hs,‘ .

or to reduce field lengths and accompanyirg ‘
Indirect benefits will. accrue from:'f."-‘ L
‘ f|mproved capability “to design conflguratlons

noise- levels.

required to achieve a given level of performance ,
and from a-better definition of. downstream
ﬂow frelds ‘

Facilities:. Existing Iow-s'p’eed "wind~tunnels;' g

Funding: Fundlng requwements for thls task

are shown in Flgure 19.
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This subject is" .-
', addressed in Section 6. 0 of thIS volume S e

ratio which can be- applled to‘ff,,‘,-n
improve operational economy through desngn,'. .
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4.2.4 Transonic Wind-Tunnel Test Techniques

Area: Aerodynamics

Objective: To develop wind-tunnel test
techniques and/or test-section configurations
suitable for obtaining data at M = 1.0.

Scope: Experimental investigations are
required to demonstrate the feasibility of
duplicating interference-free data by tests in
transonic wind tunnels, or of correcting data for
interference effects.

Approach: NASA has initiated investigations
by drop model tests to disclose the nature of
wall interference effects at near-sonic speeds.
Results have shown substantial effects.
Additional data are required for lifting
conditions, and can be obtained from rocket
models or from test-track investigations. Some
studies have also been directed toward tailoring
test-section walls to alleviate wall interference.
These studies should be expanded to provide
guidance for all near-sonic testing.

Results and Potential  Benefits: Early
completion of work in this area is required to
permit proper assessment of the validity of
existing data in this Mach number range, and to
ensure that maximum benefits can be obtained
from all the wind-tunnel investigations directed
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Figure 20, Funding required - Transonic wind tunnel test techniques.
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toward development of advanced technology
aircraft.

Facilities:  Existing transonic wind tunnels,
rocket and drop model ranges, and test tracks.

Funding: Funding requirements for this task
are shown in Figure 20.

425 Reynolds Number Effects
On Supercritical Wings

Area: Aerodynamics

Objective: To demonstrate the character and
magnitude of Reynolds number effects on
supercritical wings and to establish appropriate
methods for wind-tunnel simulation of flight
characteristics.

Scope: Using a single aircraft configuration
(the F-8 SCW or a new flight demonstrator ),
conduct wind-tunnel tests through a Reynolds
number range from 2 million to 80 million for
correlation against flight data and for predicting
full-scale transport characteristics. Cruise drag,
high-Mach-number/ high-lift-load distributions,
and buffet characteristics should be considered.

Approach: Reynolds numbers up to 20 million
can be attained by tests of semi-span models in
several existing wind tunnels for correlation
against flight data. Ludwieg tube tests can
extend this Reynolds number range to about 45
million. Such tests can therefore bracket the
flight Reynolds number for a demonstration
airplane of the size of the F-8 SCW (12 to 25

million}. Direct correlations can be established
of pressure distributions, boundary-layer
properties and overall aerodynamic

characteristics between these two cases. The
influence of surface condition can be evaluated,
including the effects of manufacturing
tolerances, which have a large impact on costs.



evaluated in. relatlon to analytlcally derlved

then be ‘directed toward ' the development of

.number capablllty to 3 to 4 m|II|on

W
oMl

‘Results and Potentzal Benefzts

effects plus a’

/,x

. experlmental technology
, programs. In relatlon to, a productlon alrplane
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. flight testlng
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Wind-tunnel studies at lower" Reynolds numbers, -

predlctlons of. Reynolds number -effects ‘can

proper i SImuIatlon technlques for future _
'_.development programs ThIS can be espec:ally h
significant, * since * the. -majority . of current

‘transonlc wind - tunnels are limited in Reynolds.
- different shapes. and magmtudes of spanW|se

S I'twnst dlstrlbutlon
The ‘direct
T ults 6f this program . will be a disclosure of
the character and, sources of ‘Reynolds. number .
refmement of wind- tunnel - ;
snmulatlon technlques These dlrect ‘results will-
¥ ensure a greater valldlty of aII subsequent
-development

-Approach s
.'be: desugned to ‘represent .a practrcal transonlc - v
g transport
- conflguratlon with ' several twist - dlstrlbutlons
- typlcal

"development program maccurate predlctlon of'
_ Reynolds number effects has the potential of a-
"dlsastrous impact, since the final resolutlon of

aeroelastic- eéffects.

.Successful- accomplushment of'.“-
-I_thls program can eliminate the necessity - for” 'r
‘costly .and ‘time- consumlng prototype programs ..'s
for each new alrplane o , L
EX|st|ng and planned wmd tunnel': i .analytlcal methods'
s '_“"Results and Potentzal Benefzts
Fundlng reqmrements for th|s task."-, - this program will -provide |mmed|ate gurdance
w0 for. determlnatlon of 'stiffness requurements for
) -knowledge . of
facrlltate ‘the development of three dlmen5|onal
productlon 'methods e .‘ R :

:Funding, 1000 dollars ‘_

4 2.6 Aerodynamlc Data For St
Aeroelastlc Analyses R

Area: ,Aerodyhamle-:
Scope Pressure dlstnbutlon measurements are
required for several. supercntucal wmgs havmg
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ngld wrnd tunnel model wmgs Wl|| :

conflguratlon ‘and.. . that . same.

of dlstortlons encountered din’, flrght ‘
under . different " load, condmons Analyses of jf'f,
these results Wl|| permit .the: development of !
empmcal methods for - properly estlmatmg
Whlle ‘it i not " Ilkely that
slmple superposmon procedures sumllar to
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Facilities: Existing transonic wind tunnels.
Funding: Funding requirements for this task
are shown in Figure 22,

4.2.7 Optimum Design Of Protuberances
For Advanced Technology Transports

Area: Aerodynamics

Objective: To provide concrete guidelines for
the development of optimum aerodynamic
shapes for aircraft protuberances which must
respect non-aerodynamic constraints.

Scope: Two classes of protuberances, fuselage
distortions such as windshields and landing-gear
pods, and wing appendages such as flap-track
fairings, must be considered. Experimental data
on the effects of such protuberances, an
identification of the basic phenomena leading to
these effects, and correlation against an
analytical accounting for those phenomena
should be combined to produce a method for
design of new aircraft.

Approach: Several existing methods permit the
computation of pressure distributions on
fuselages with complex shapes at subsonic
speeds. Use of such a method would enable the
design of a family of distorted fuselage shapes
(with the distortions representing windshield
panels providing acceptable vision, for
instance). Wind-tunnel measurements of drag
increment, pressure distribution, and flow

20

characteristics, when correlated against the
calculated results, will provide the basis for
design of future comparable fuselage distortions
and hopefully permit development of an
optimization procedure.

In the case of appendages attached to wings, a
better understanding of the phenomena leading
to drag reductions is required. Having
developed this understanding, a procedure
similar to that above would be followed. to
evolve a design procedure.

Results and Potential Benefits: Significant
reductions in development time, plus possible
small performance reductions would accrue
from the use of such design processes.

Facilities:  Existing transonic wind tunnels

Funding: Funding requirements for this task
are shown in Figure 23.
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Figure 23. Funding required ~ Optimum design of protuberances.



5.0 STRUCTURES AND MATERIALS

5 1. STATE OF THE ART

materlals where " deficiencies exist. Partlcular
emphasns is placed on developing fllamentary
. ‘composite materials for transport aircraft. In

~shown in the DOC and ROl for extensive
application of  composites to the . primary
- structure, and major reductions were shown for
“-theﬂ airframe weights. However, a major

- technology gap and lack of confidence exists for -

o applylng composntes to the primary ‘structure of

AxanalyS|s ‘Programs are .included for measunng
..the pressures on oscnlatlng supercritical wings

, each 'of the “recommended - research " and
ve development programs in the following sections.

. .5.1.1 F.ilamentary Composite Materials ‘

bemg developed pnmarlly for military fighters.

:ljthe F-15, F:14, F- 100 Fa11 and others
'Numerous secondary structural components
have been built -and placed on operational

". C-5 has eleven leading-edge slats - flying -and
accumulating service experience at a rapid rate,

... Miscellaneous parts on other aircraft, including

. flaps, rudders, doors, horizontal tails, fairings,
e a‘hd ailerons are also accumulating service time.

e The only program to develop primary structure

. deSIgnatlon for the (o 130, has internal surface
“loads and. structural design requiréments very

- aircraft.
installing an all-composite center: wing. It could

;"‘Research \and development programs 'are"u'prowde. the flight. ‘vehicle - which would'

recommended for areas in . structures_ and.

Section 7.0 of Volumel, improvements were

"",;"a large; commercial transport. Deflcuenmes also '
" eXist in .transonic. data and methods for flutter" .

“and T-tails. The state of the art'is dlscussed for -

Fllamentary composite materlals are currently‘

“Programs- are underway to' develop. composite’
: ‘wing,.- empennage and fuselage structures for, :

a|rcraft to accumulate service experience. The

representatlve of a large transport is the C-130 ‘
fboron -epoxy, reinforced-aluminum center wing -
‘f-jbox The L-100, which is the commercial

5 close to those projected for the M = 0.95 study -

The L-100 ls'an ideal vehlcle for

demonstrate prlmary, aII -composite’. structure in

‘a commercial transport -and accumulate flight -

hours at a .rapid rate in. a commercial
environment. ; ‘ RS

Composite material properties have been
developed,
published. The AFML Advanced Composite

Design Handbook * provides data for the
- composite  parts.

preliminary design of
Programs have been. developed for optlmlzmg

laminate lay- ups Wlth composnte materlals and
the resultmg phy5|cal propertles and. allowable, .
'strengths can be. predlcted for dlfferent plyf

orlentatlons

Mate‘r,ial costs-' l‘or g'raph'i,t,e-epOXy are‘projected
to be well within the range of - eonomic
With additional .

feasibility by the 1980's.
development in- manufacturing technology, the
cost of an equnvalent load-bearing structural

component in' compdsites could be less than: thef
_jequwalent aluminum structural member

W

There are, however numerous rlsk factorsf g
. WhICh |nh|b|t acceptance by deS|gners alrlmes‘ :
and the FAA. Some are recognized deficiencies, ,
- such as brittleness and vulnerability to Ilghtmng
strike.. Other def|C|enC|es relate to. data and

experience gaps, such as the effect of combined
fatigue loading and environmental exposure

' upon matrix resins and thus upon mechanical
. properties of composites after: long time

exposure.

Ultlmate confldence in composutes can only be

obtained by extenswe ground testmg and
prolonged fl|ght ‘exposure. LA Iarge
commercial, -
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and design - guides have been.

long-range_ ' transport - will - be - .
-continuously - exposed to repeated  loads. and
operational environment at a utilization rate of -




approximately 4000 hours per year. The
flight-load spectra, environment, and structural
concepts will be entirely different from those of
a military fighter. Few military aircraft
accumulate flight time at the rate which is
common for civil aircraft operations.

Since the utilization of advanced composites
entails a degree of risk, it is imperative that
ground testing of major structural components
fabricated of composites be considered as early
as possible. Programs are presented for
full-scale sections of the M = 0.95 configuration
wing box and the fuselage barrel.

From a national viewpoint, one can anticipate
foreign competition against a U.S. transonic
transport. The study has shown that heavy
utilization of composites can reduce the
physical size of the airplane and provide
benefits in DOC and ROI. The DOC and ROI
are sensitive to fly-away first costs. The higher
raw-material costs of composites must be offset
by reductions in costs of fabrication, tooling,
assembly, and inspection. The design and
development of the wing box and the fuselage
test articles include developing concepts for
economical production.

The recommended programs also include
periodic NDT tests, including development of
non-destructive inspection by methods such as
determination of natural frequencies of the
structures, and acoustic-emission readings under
load as well as the more usual X-ray and
ultrasonic examinations. Downstream in the
program, damage tolerance and repair methods
will be studied, and protection system against
lightning strike will be evaluated.

The advantages of bonded structural joints are
well known; bonding these joints, however,
requires the wuse of an autoclave. Large
assemblies, which cannot be placed in an
autoclave, require special attention, especially
on an airframe of the size under consideration.
A task is included to develop adhesive material
and process techniques for cold bonding to help
solve this problem.

22

5.1.2 Lightning Strike And Electromagnetic
Compatibility In Fiber-Composites

A commercial transport aircraft can expect, on
the average, to receive one lightning strike per
3200 flying hours (Ref. 1). The consensus is
that airplanes must be electrically continuous to
provide lightning protection, electrical-system
current-return  paths, electrostatic charge
dissipation, antenna performance, and
electromagnetic interference control. Further
research is necessary to develop optimized
systems for aircraft constructed primarily of
poorly-conducting materials to insure that
lightning protection is adequate, electrical and
electronic requirements are satisfied, costs are
reasonable, and fabrication is feasible. Four
tasks are included in this report to explore these
areas.

5.1.3 Flutter-Prediction Technology

Deficiencies exist in several aspects of
flutter-prediction technology with respect to
advanced long-range transports. The most
serious of these is the lack of adequate transonic
oscillatory aerodynamic methods applicable to
supercritical lifting surfaces. The current
practice of utilizing subsonic (zero thickness)
aerodynamic methods for flutter analysis.in the
high-subsonic flow regime, supplemented by
transonic flutter model tests, has generally
proven satisfactory for aircraft designed to
operate with subcritical-flow lifting surfaces.
The application of supercritical wing technology
to advanced transports and the attendant
increase in cruise Mach numbers into the
transonic regime, coupled with the almost
complete lack of knowledge of the transonic
oscillatory aerodynamic characteristics of
supercritical airfoils, however, increase the risk
of the current approach to an unacceptable
level.

In order to provide an early indication of the
overall effect of supercritical airfoils on the
transonic flutter characteristics of wings,
transonic flutter model tests of a representative



“wing : 'and"‘”' similar
should _be conducted

Iean ' supercrltlcal
C onventnonal wmg

: flutter characterlstlcs of supercrltlcal wmgs ‘may-
- be". strongly -affected . by . steady  lift.
M nvestlgatlons of these effects should be
"'mcluded |n the flutter model tests ‘

"Concurrent wuth the flutter model tests;.
"\method

j‘surfaces
;;emplrlcal modlflcatlons to exrstlng methods or a

appllcable : supercritical ' lifting-

hould be pursued

S Ane elther case the avallablllty of hlgh quahty
;050|Ilatory pressure data is essentlal for the
‘evaluatlon and/or - modnflcatlon of the method

A ‘wind- tunnel " test’ . program
undertaken to - measure

epresentatrve supercrltrcal
should be: followed - by - srmllar tests on a
"‘epresentatwe T-tall model e R

such | data on ‘a

u [N

' -;development - of

,Avallable static pressure data indicate that the =
~_the  development - of’
- transports,
: significant benefits. for some- confrguratlons Anill
farea of great uncertamty with respect to
'.apphcatron to supercrltlcal
' however
Vprogram should be |n|t|ated to develop an;"
"adequate transomc oscrllatory aerodynamlc‘ .}moments in the critical’ transomc ﬂow reglme
‘ ‘Therefore
This method may take the form of ' determine the effectrveness of both Ieadlng and
completely. new formulatlon Both approaches -". 'these forces and'moments.
' " ‘outcome of these ‘tests, ‘the effectrveness of.a:
f‘flutter suppression

" demonstrated~ by

“needed are the development of design. crlterla
-and synthesis techniques, e.g., by extensron of -
 the methods outlmed m Reference 2: o L
wing - model andf c TR

5 2 R&D Tasks
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: Recommended R&D tasks in the structures and

P i
v ‘

: ac‘ti'v'e' flutter- 'hd.
modal-suppressron systems for * advanced
long-range transports. Although not essential to
advanced - long- ranger
could produce

such systems "

lifting surfaces, L
.is_ the reliable generatlon of the
requrred oscillatory. aerodynamlc forces and

. tests- should - be undertaken to

trailing-edge - ‘contro] - surfaces " for - generatmg

Dependlng on the
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transonic flutter - model
wind-tunnel tests-and full- scale fllght tests Also
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Figure 24, Funding summary - Structures and materials.

corresponding funding requirements are given in
Table 11l and Figure 24, respectively. Detailed
task descriptions, including funding and
schedule requirements, are given in Sections
5.2.1 through 5.2.10.

5.2.1 Design, Build, and Test a Full-Size Section
of a Typical Composite Wing Box

Area: Structures and Materials

Objective: (1) Demonstrate an all-composite,

primary wing structure on a large commercial .

transport  operating in a commercial
environment. (2) Develop design requirements
and manufacturing techniques and demonstrate
structural integrity and useful service life for a
large, advanced transport similar to the M =
0.95 study aircraft.

Scope: Two complementary programs will be
conducted. A composite structure
representative of an advanced transport will be
designed into an L-100 center wing box, tested,
and placed on an operational aircraft as quickly
as possible to accumulate flight experience. The
design and manufacturing concepts for a

full-scale wing box representative of the M =

0.95 study aircraft will be developed, verified,
and designed into a test article which will be
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fabricated for structural and environmental
testing.

Approach: The program consists of two parts
with several phases in each part as illustrated in
Figure 25. . -

Part I Accelefated Flight Demonstration
Program '

.Phase I: Conduct a
design study to ‘select composite
structural concepts representative of
the M = 0.95 study aircraft which can
be incorporated in the L-100 center
wing box.

Phase 1l: Design an all-composite
L-100 center wing box and conduct
sufficient component tests to verify
design concepts and details.

Phase 1l1: Fabricate three test articles
and a surface panel. One article will
be used for static and environmental
tests, one will be used for
fatigue/exposure tests, and the other
will be installed on an operational
L-100 for flight service. A surface
panel will be constructed as soon as
possible and placed on a dummy box
for accelerated environmental testing.

Part II: Full-Scale Composite = Wing
Structural Design R&D Program

Phase |: This phase provides the
necessary engineering and
manufacturing data base, including
_development tests, for proceeding
into detail design of the wing box. -

Phase 1l: Detailed design and analysis
of the wing box will be performed,
drawings will be released, and
verification testing of selected critical
component design details will be
conducted. Quality assurance

-preliminary .
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planmng erI be done durlng th|s

Phase III ThIS phase mcludes the
development . of -~ manufacturing
.. techniques . .and quallty . control. . .
- procedures and the fabrlcatlon of a
: wmg box test article. -~ -

‘“Phase IV: Laboratory testing will ‘
consist of creep, stiffness, fatigue,
.-proof, envnronmental ,andf’rle'sidual
‘.strength - CT

’Results and Potenttal Benef ts: The program

phase for Phase III‘ Lo

‘wlll provnde the necessary ﬂlght experrence and :

the prlmary structure of an advanced transport :
wmg De3|gn detalls manufacturmg techniques,

"quality. control . procedures weight, cost and .

performance under simulated transport Ioads
and envnronment wnII be provrded

Faczlztles Use of an L 100 for
composite wing and. agreement . with a
commercial operator Manufacturmg facilities '

for Iarge composute structures and structural"ﬁ"‘"

test facrlmes for. handllng Iarge components

“

Fundmg Requiremen ts:-The

additional - cost for.a second full-scale inner wmg
test "article . is estlmated to be approxlmately
$1 000; 000 : ' e

|nstalI|ng< .

_ fundlng“,.«‘v‘g_
requlrements for Parts ‘I and. It of th|s ‘task are "
shown in’ ‘Figures 26 and 27 respectlvely The
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Figure 26, Funding required - Design, build, and test a full-size section of a .
typical composite wing box for a M = 0.95 airplane, part 1,

Scope: The program will consist of an in-depth
design study to develop concepts for the
fuselage  which can be  economically
manufactured. A representative section of the
fuselage will be designed in detail, followed by
the fabrication of a test article for laboratory
testing. The test article would be subjected to’
extensive laboratory testing to demonstrate
fatigue endurance, resistance. to lightning strike,
aging, -and other environmental conditions and
to demonstrate maintenance and inspection
procedures.

Approach: The fuselage section will be
designed to the M = 0.95 structural design
requirements and for the  operating
environment. The primary effort will be to
develop structural concepts which can be
adapted to low-cost tooling and manufacturing
methods consistent with reliable structural
integrity. Particular emphasis will be placed on.
the development of critical design details,
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Figure 27. Funding reaquired-Design, build and test o full size section
of a typical composite wing box for a M = 0.95 airplane, part I,

5.2.2 Design, Build, And Test A Full-Size Barrel
Section Of A Typical Composite Fuselage

Area: Structures and Materials

Objective: To develop the design, fabrication,
quality control, and maintenance techniques
necessary to produce a composite fuselage, and
to demonstrate the weight reductions, structural
integrity, and service life of a composite
fuselage.
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Current programs
Material allowables &
process specifications

T

Design
full size
section of
fuselage|.
Cost =
$0.5M
NASA Review &
recommend
FAA specific
develop.
AIRLINES programs
Develop critical design concepts, joints, lightning protection,
fail-safe mfg tech. & inservice main. & inspect procedures
(Design & fab full length 1/4 panel for developing mfg tech.)
Cost = $3M
“Build
full scale
test
section
Cost =
$3IM
L—{io'igue, environmental & oging tests
Cost —— $IM S6M S10M
172 1 w97z T a7 Taers T 1976 T 1977 T 1978
Fiscal year

Figure 28. Development program for composite material fuseloge of o M = 0.95 aircraft.
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‘ hghtmng" “protectlon “and
provnsnons for .mservnce malntenance an’d‘_
mspectlon Flgure 28 |llustrates the ground testv'-;‘,

~Funding, 1000 dollars: <7 <

75 . 76

Flscol year

Fundmg requlred Deslgn, burld and rest a full .
Size barrel section.of fyplcal fuseloge for a” .
M = O 95 alrpldne A A vl

are shown in Flgure 29 The addltlonal cost for;‘ i
fabrlcatlon of:a ond test” rt|cle is. estlmated;"él ".»measurmg techmque

’ Lo proposed tests can’ be successfully accompllshed
i .by means of the techmque developed by: Bergh
m whlch the pressure orlflces are connected-,'
, 'through a ivalve'” '
-‘-‘:transducer

','f,"":.luse of freon as .
',_.carefully evaluatev _Other matters Wthh must’;
- receive. ‘careful consnderatlon are the ch0|ce of
.4_‘":model -size and type eg v wall mounted
: seml span or. tlng mounted full span and th‘

"Scope Th|s program W|ll conS|st of the desngn '.':‘. _‘
fabrlcatlon and testmg of a- supercrltlcal wmg‘ ‘,

0S| lllatory pressure model and will- include.the " ‘deS|gn and fabrlcatlon of the model excrtatlon
|n|t|al development .'f';of,‘ l}t_‘he ff requnred,"' system and mstrumentatlon system and the.’
mstrumentatuon and model excntatlon systems "";mstallatlon and checkout of the' .complete

Approach A 'comprehenswe study W|lI be . -
onducted -to. deterinine . the;, best. solutlons to - ‘The thlrd phase W|ll con5|st of the tes ti g.. The5
the known problems assomated WIth thls type “ "model Wl|| be oscnllated -about. an aX|s Iymg E
of test, -and’ to develop a_detailed test plan "along the 35% chord ine and i in the pIane of th
consistent :with- the overa -:;objectlves of the_'.y'" wing.. " he tests wnII cover ranges of Mac
program Included in the flrst phase will be the~~ L number reduced frequency, ‘and statm\ l|ft .
development of . an osclllatory pressure E condltlon consndered towbe the most cr|t|cal




from a flutter standpoint.

Results and Potential Benefits: The oscillatory -
pressure data produced by this program will

provide valuable insight into the presently
unknown oscillatory aerodynamic
characteristics of supercritical lifting surfaces.
It will also provide a basis for the evaluation and
empirical modification of both existing and
future transonic oscillatory aerodynamic

methods used for flutter and PSD gust analyses.

Facilities: Langley 16-ft (5.6 m) Transonic

Dynamics Tunnel (freon).

Funding: Funding requirements for this task
are shown in Figure 30.
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Figure 30. Funding required - Measurement of pressures
on oscillating supereritical wing model.

5.2.4 Measurement Of Pressures On Oscillating
Supercritical T-Tail Model

Area: Structures and Materials

Objective: To provide high-quality oscillatory
pressure data for evaluation and modification of
existing and new oscillatory aerodynamic
methods.

Scope: This program will consist of the design,
fabrication, and testing of a T-tail
oscillatory-pressure model.

Approach: 1t is expected that the pressure

measuring and model excitation systems
developed for the wing tests described in
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Section 5.2.3 can, with reasonable modification,
be used for these tests. Angular oscillation
about the fin 35% chord line appears to be the
most desirable initial mode of -excitation.
therwise, the approach on this program will be
similar to that of the wing oscillatory pressure
test program. ‘

Results and Potential Benefits: Same as wing

program except with respect to configuration.

Facilities: NASA Langley 16-ft (5.6 m)
Transonic Dynamic Tunnel (freon).

Funding: Funding requirements for this task
are shown in Figure 31.
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Figure 31. Funding required ~ Measurement of pressures
on oscillating supercritical T-tail model.

5.2.5 Develop Adhesive Material for Structural
' Coid Bond

Area: Structures and Materials

Objective: Generate adhesive material and
process for application and usage on structural
joint application of transonic transport aircraft.

Scope:. Develop, from actual design
configuration joints, a material and process
suitable for structural application.

Approach: A selection of typical structural
joints in the wing and fuselage will be utilized
for developing a system to bond assembly
joints. This will be necessary for joining
assemblies too large for autoclave bonding.



. fabrication .
' - ‘composite- structural

" ".Results. and Potential Benefits: Acquisition of

' -design, weight, structural integrity, reliability, -
;and” mamtamabnhty data leading to a|rframe

K desagn commltment in 1980.

- Faciliries: Existing - composne
equipment suitable for: large
sections and assistance
. from adhesive manufacturing companies.

‘fFundmg Fundlng requwements for thls task

o 'are shown in Flgure 32.
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L Figure 32, ?unding required -~ Develap odhesive material for striictural cold bond,

| | "’5 2 6 nghtmng Versus Composites Overlaud On '

Metal

Area Structures and Materlals

o 0b]ectwe The objectlve is to investigate basic .
Lol llghtnmg vulnerability of, and extant protection
, 'measures suitable for, the structural desngn of
- «.:transport aircraft. ‘ :

o Scope The study will be devoted 1o practlcal
“Lnear-state of-the-art apphcatlon/adaptatlon of -
t . composite
“',f*underlylng skin or rings, stiffeners, doublers,
- _.:.f":‘and ‘gussets. The study will consider dlfferent.
- .. composite-materials
;effects/damage—types to be countered ‘and

“skin' interfacing = with - metallic

“possibilities,  lightning-

d 'acceptable damage protectlon measures

materials

~ tested and

Faciliites:
_equipment, R
. producing: controllable high- voltage |mpu|ses inooe
‘the high- tens—of thousands = of . volts; .
"transients with a rate of change approachlng' e
amperes/second current - transients. of . .
.‘200 000 amperes amplitude; charge transfer of“ s
' up to 500 coulombs and swept stnkes '

V'Approach When a literature search/analyms has
’progressed far. enough to -.ensure that full .

advantage is being ‘taken of other. knowledge

. lightning-test specimens will be fabricated from: .
l‘composne specimens.
for peripheral

These will be exammed ,
concerns such as electrical ~
puncture voltage

immunity, .

bonding,
corrosion

as apphcable

Proposed protective measures, quI be similarly
evaluated Tentatlvely,. these -
measures will lnclude metallic covermgs .and .
diverter systems :

Results and Potentzal Benefzts The study will-
provide design data for both present - aircraft

modification and future vehicles. Currently, no -
usable data of this 'specific coverage. eX|sts It

will facilitate transition from all-metal. aircraft .-
. to optlmal construction. with composntes and

expand the background for optlmlzatlon

" Facilities ‘required i}nclude{_exis_ting
- with ‘instrUmentatiOn . for

current
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' “Fundmg Fundlng reqmrements for thls task»'-f
' are shownin Flgure 33 ‘ Sl
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“and' induced-voltage - “effects,




5.2.7 Lightning-Probability Modeling
Of All-Composite Aircraft

Area: Structures and Materials

Objective: The objective of this task is to
determine the areas of M = 0.95 transport
aircraft likely to receive direct strikes by
lightning. and the proportion of strikes to each
of these areas.

Scope: The study will determine long-spark
attachment probabilities for the M = 095
aircraft with respect to physical configuration
and, to the extent feasible to peculiar material
characteristics.

Approach: Following a suitable literature
search/analysis, initially nonconductive scale
models of the airplane, or satisfactorily close
approaches thereto, will be used as specimens.
They will be variously coated to simulate (1) an
airplane totally covered with continuous,
lightning-protective metal, (2) an airplane with
nonconductive skin but conductive items inside,
(3) an airplane with semiconductive skin and
conductive items inside, (4) an airplane like (2)
but with metal leading- and trailing-edges, and
(5) an airplane like (3) but with metal leading-
and trailing-edges. The testing involves forcing a
model to intercept a simulated lightning
channel. A  multiplicity of strikes is
accomplished with the lightning channel at
various angles with respect to the airplane in the
pitch, roll, and yaw planes, simulating the
approximate directional randomness of natural
lightning. Photographs disclose the number of
strikes, and hence the percentages, to various
parts of the airplane. -

Results and Potential Benefits: The study will
contribute qualitatively to knowledge of
potential direct-strike hazards to the airplane
occupants and conductive hardware. The study
will provide a quantitative baseline from which
to make  design-economics decisions (damage
prevention versus repair) where safety is not at
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stake.

Facilities: Facilities required include existing
long-spark electrical transient generators, with
instrumentation (e.g., cameras).

Funding: Funding requirements for this task
are shown in Figure 34,
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Figure 34, Funding required - Lightning probability modeling of all composites
aircraft,

5.2.8 Environment-Compatible Lightning
Protection For Composites

Area: Structures and Materials

Objective: The objective is to advance the state
of the art in composite-aircraft lightning
protection to obtain acceptable efficacy in
other vital disciplines, e.g., electromagnetic
compatibility, antennas, electrical
grounding/bonding/shielding, electrostatic
charging/sparking, corrosion, and erosion.

Scope: The study will be limited to seeking or
defining a measure or system of measures for
tightning protection that is consistent with
other electronic/electrical/environmental
mandates.,

Approach: Basic physical parameters of
applicable disciplines will be compared, by
analysis and test, with those of various known
or devised lightning-protection  schemes.
Conflicts will be studied. When a promising
lightning-protection system is found, it will be
analyzed in detail, though not to the exclusion
of alternatives.



'ccommodated sumultaneousy These mclude
P .“sonnel fuel .and electrlcal/electronlc systems
They also " includé ;- -control of.. -
electrostatlc charglng/sparklng, electromagnetlc
§ compatlblllty, ~antennha-. system . performance
‘electrlcal - '
corroston and erosmn (A limited number’ of.
concepts now ex1st specnflcally for Inghtnmg
protect"‘n of flber comp05|te alrcraft skin,. For
jener however . there ,_,,,a‘_r
‘drawvacks and/or unknowns that must be
overcome,.or at Ieast determmed The |ntended

: experlmental
\|ntegr|ty,

~shielding, .

bondlng/groundlng/shleld|ng, e

aII composnte alrcraft

“
o

Scope An all comp05|te alrcraft ehmmates 0
tprofoundly alters the multlfaceted datum
prov:ded' by an allmetal alrplane and used
»eretofore in desrgnmg electrlcal -and. electronlc
systems and-: accomphshlng electromagnetl
compatlblllty " This - task . "will - * consist ‘of
mvestlgatlon of means mcludmg
“-pragtice”’ where appropnate to compensate for!
- the change :

massrve aII metal ground pIane/enclosure or. by
the alteratlon from metal tor semlconductor To..

\-._ lllustrate one potentlal effect |s the substantial

Fa“cilities' Laboratorres
determmatlons Ve line
compatlblllty, electncal
electrostatlcs

groundlng/bondmg/

anten na effects

reductlon to:



and personnel hazards are the principal
facilities required.

Funding: Funding requirements for this task
are shown in Figure 36.
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Figure 36. Funding required - Electromagnetic compatibility in fiber-composite
aircraft,

5.2.10 Develop Automated Aero-Structural
Design System

Area: Structures and Materials

Objective: To develop an integrated family of
computer programs which will substantially
increase the efficiency of structural analyses and
result in final design oads earlier in the design
cycle.

Scope: The prescribed system of programs will
be sufficiently general to cover a wide range of
airplane configurations, including all those
variously proposed for transonic transport
aircraft. The system will be organized in a form
adaptable to the easy substitution of advanced
methods as they become available, and to rapid
turnaround following configuration changes.

Approach: initial investigations will center
around reviewing current systems, such as
NASTRAN, to determine how these systems
can be adapted to an automated system.
Emphasis will be placed on establishing
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interface requirements between the various
disciplines such as aerodynamics, weights,
steady and dynamic loads, flutter, stress, etc.
Both the content and form of interfacing data
will be given major attention. Great emphasis
will be placed on developing a system of
programs -which can be used efficiently
throughout the design cycle. This will be
accomplished by providing internal capability
for the generation of basic aerodynamic and
weights data as well as the flexibility required to
enable ready insertion of data from external
sources where they are available. The programs
will initially be written for a UNIVAC 1106, or
equivalent, computer. Adaptation to other
computer systems will be carried out in
subsequent programs.

Results and Potential Benefits: The results will
consist of extensive program write-ups
describing in detail all input requirements,
assumptions, and other features. Fortran
listings of all program modules will be provided
along with input and output listings, program
and input data decks, and a wide range of
checkout cases.

Facilities: UNIVAC
equivalent.

1106 computer, or

Funding: Funding requirements for this task
are shown in Figure 37.
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Figure 37. Funding required ~ Develop automated aero-structural design system.
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noise technology area is required as soon as
possible. -

6.2 R&D TASKS

Recommended R&D tasks in power systems and

a summary of the corresponding funding -

requirements are given in Table IV and Figure
38, respectively. Detailed task descriptions,
including funding and schedule requirements,
are given in Sections 6.2.1 through 6.2.9.

TABLE [V, TASK SUMMARY - POWER SYSTEMS

. Type
Readiness P! . FNASA
Priori Retrofit |
Tosk rating rlority Study | Lab test |[Flt test ettt support
Nacelie-wing 3 i X X X No Yes
interference
Far-field cerodynamic{ 3 1 X X No Yes
noise evaluation
Aircraft operational 2 1 X X Yes Yes
techniques for noise
alleviation
Blown flap noise 3 2 X X No Yes
evaluation
Redesign for FAR36- 2 2 X No Yes
15 EPNdB engine
Optimization of 2 2 X X No Yes
nacelle noise
treatment
Engine=nacelle 2 2 X X No Yes
integration
Total airplane low- 2 2 X No Yes
noise optimization
Unconventional 3 3 X No Yes
lapproaches to naise
reduction
2000 T T T 7500 ¥ T T T T
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1275
1200 |- -

800 [ 725 \ n
450
400 | y
\ 225
125
o N

1972 73 74 75 76 77 78 79 1980
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Funding, 1000 dollars

Figure 38, Funding summary - Power systems.
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'6.2.1 Nacelle-Wing Interference

Area: Power Systems

-Objective: The object of this program is to

dévelop a generalized empirical approach to the
design of wing-mounted nacetlle installations for
airplanes which operate in the M = 0.90 to 1.0
range. The program will be designed to develop
an understanding of nacelle position effects,
variation of channel-flow distribution, and the
influence of jet pressure.

Scope: This program is a long-range effort
extending  through  1979. It includes
flow-through and powered-nacelle wind-tunnel
model testing plus flight validation. Continued
analytical studies will support the testing and
provide redirection as indicated.

Approach: This- program has already been
initiated with the joint Lockheed-NASA M =
0.95 wind-tunnel model test.. The test will be
extended through several follow-on phases and
the effects of nacelle position, along with
variations in local channel-area distribution, will
be generalized. A powered-nacelle test program
will be planned and conducted using a larger
scale, semispan version of a transport model.
Several phases of this test may be necessary
before power effects can be generalized. After
considerable additional analysis, . a
flight-validation * vehicle will be selected, a
wing-mounted nacelle installation will be

- ‘designed and built, and a flight-test program will

be conducted. Flight validation is essential
because it is impossible to simulate the
complete interrelationships between nacelle,
pylon, wing, jet, and streamtube without using a
flight vehicle. Subsequent analyses will be
aimed at correlation of the synthesized

flow-through and powered-nacelle model test

~ data with the flight-test results.

Results and Potential Benefits: Successful
development of generalized procedures for
integration of wing-mounted nacelles on



Although wmg body "; combmat|ons" an’d' .
‘transomc -aircraft models with aft- mounted
«nacelles have operated wnth reasonably Iow drag

), 1000-dollars "

'system ‘studies. have |nd|cated that serlous cg
:locatlon problems T may be encountered by Iarge'
, .alrcraft ‘With  aft: mounted .engines. Therefore )
‘;.(solutlon of the problems assocnated _with
"wmg mounted mstallatlons have become more "

Facilities: ‘A large hlgh speed wmd tunnel such - PR R
-as’ the- Cornell or’ NASA ‘Afmnes’ facnlltres - a glldlng alrcraft Wlth a gross welght of 160 000 ;'j. _
requwed for-the transonic’ model testing. The ~ Ib (72 546. kg) or greater ‘This will’ extend the o
'powered nacelle portion: of the testing ~will current measured data bank to, mclude alrcraft :

‘ requ;re ‘a--very- hlgh -pressure . air or, ,nltrogeni"" hear
_upply, .on /the: order"of"-375" to' 40_" Ib/in2 ", Wi

~ (2:685 10'2.758'x 106 N/m?). ‘AR experimental ~be- taken for. anrcraft speeds up to :160. knots
":; shop ‘of adequate Size to- handle the alrcraft ; (822 m/s) w|th the aircraft- aerodynamlcally
"'chosen will be requ:red T ; : clean, -and- W|th flaps,and Iandlng ‘gear

L : L .. extended. . Concurrent analytlcal work will be
' undmg‘ Fundmg requrrements for th|s~task ‘j;'undertaken to mterpret the test‘data and

T _«achleve U
phenomena

Results and Potentzal Beneftts Analytlcal ',
procedures and low-noise deS|gn techmques W|II
. be evolved 10, accurately evaluate the, rradlated
-.‘”aerody,namlc n0|se problem on large alrcraft
T R - "The aerodynamlc noise may impose a"'“floor
'"‘Area':_,F?ower Systems AR ~ .+ onnoisé reduction.and the analysis may dlsclose
: o . noise minimization methods
'Ob]ectzve The study wnll develop methods for * . .. o S Lo
: - evaluatmg far- fleld aerodynamlc nonse radlated ‘Faczlltzes A large very qulet alrfleld an alrcraft

. from large alrcraft Poonen e of approxrmately 160 000 Ib" (72 546 kg) or

B Te e T © . - larger ‘that s capable of ‘an’ engine-off’ glldlng
‘ ';Scop ,.'Thls'program WIll be an: experlmental ~ "approach and Iandmg, and approprrate nonse
" .and analytlcal effort The experlmental portion 'measurmg |nstrumentat|on
- will be devoted to noise- measurement of a large cL :
'glldlng alrplane The analytlcal portion wrll‘ : Fundmg Fundmg requwements for th|s task

onsist of the: analysrs of’ experlmental data and- '.»‘“are shown in Flgure 40 .
ndependent theoretical work toformulatera .t
norse"evaluatlon and predlctlon methodology '

L 'Appr'déz(':h:‘ Noise measurement'Will be made of '
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Figure 40. Funding required - Far-field aerodynamic noise evaluation.

6.2.3 Aircraft Operational Techniques For Noise
Alleviation

Area: Power Systems

VObjective: To extend the state of the art in
aircraft operational noise alleviation.

Scope: A test program utilizing a very large
aircraft.

Approach: Current test programs of this nature
will be extended to include larger test vehicles.
The applicability of multi-segment and
high-angle approach, decelerating approach,
automatic flap extension and retraction on
take-off and landing, dispersed climbout paths,
part-power takeoffs, etc., to very large aircraft
will be evaluated. Noise measurements will be
made under and to the side of flight paths. The
procedures which show the most promise will
be examined at operational airports on an
experimental basis to determine the feasibility
of such operations in real airport environments.

Results and Potential Benefits: Results will
identify procedures which result in substantial
noise reduction for larger airplanes and can be
incorporated into real airport operation
environments.

Facilities: Relatively isolated airport for the
initial test program; a large jumbo-class airplane;
specialized avionics on the ground and in the
aircraft.
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Figure 41. Funding required-Aircraft operational techniques
for noise alleviation.

Funding: Funding requirements for this task
are shown in Figure 41. '

6.2.4 Blown-Flap Noise Evaluation

Area: Power Systems

Objective: To evaluate the phenomena of wing-
and blown-flap noise amplification for transonic
transport configurations.

Scope: This program is primarily an
experimental investigation of wing- and
blown-flap configurations as they affect the
noise generation of a turbofan engine.

Approach: Existing STOL programs of a similar
nature will be expanded to include appropriate
nacelle-wing-flap configurations and fan and
core engine jet velocities. Existing test facilities
will be used with little modification. Emphasis
will be on determining the effects of various
wing-nacelle-flap geometries, including the
effect of wing placement without flow
impingement on the flaps.

Results and Potential Benefits: Program will
provide analytical and design information for
minimizing jet and jet-impingement noise as a



functlon of basnc geometry

facnllty suntable for - noise measurements at
® varlousangles

Fundzng Funding requlrements for thls task
"vare shown in Flgure 42

75 v 770 78 790 1980

_Fiscol year

+ Figure 42, Funding required-Blown flap noise evalvation,
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6 2 5 Redes:gn For The FAR 36 — 15 EPNdB
‘ Engme : ,

"

"

N Ob]ectzve The objectlve of this study is to

, study ‘with ~an. advanced (1985)
.‘powerplant Phasing of the engine — alrframe
contractor schedules dld not permut the

‘-/"accompllshment of this objectlve durlng the.-
,,‘current study. . Consequently, the. Lockheed: -
alrplane WhICh has been designed- and analyzed

_ combmes a 1985 airframe wnth a 1980 engine
‘and "nommal nouse Ievel of FAR 36 = 10

w"x \’ .

_ last 3% months of the current study with an
" advanced engme and a target noise level of FAR

will’,

‘F433 and GE No 2 engmes wull

: Faczlmes Model engme and/or Iarge'scale test"

P Facili ties:

w

'perform the deS|gn refmement phase of | the |

Area Power Systems

Scope "The study qul repeat port|ons of the:

~ ‘AII results affected by. these changes'.
bedre evaluated An addendum ‘will "be. -
‘repared to become a part of thls flnal report o

Approach A brlef comparlson of the P&W"A

. studles ' Iaboratory test of duct ‘treatment
"be made ‘a

initially to select the most suitable candidate.
This will- be followed .by. a complete desngn‘,
anaIyS|s of the .resized: airplane.. and theu:.-
generatlon of a' new performance data package 2
All dlsc1pllnes mcludlng economics, " control of
flight, and structures, will be re-exercised as
“required to produce a refined alrplane de5|gn .
-In areas unaffected by the change in: propulsron.r et
and noise ‘requirements, no" tasks W|Il beI
repeated '

. ! '

Results and Potentzal Benefzts The study Wl||'
provnde a" “consistent;- advanced technologyj- _'
- transport design for comparison WIth ‘near-term-. .
conflguratlons Engine technology would be.
1979, airframe technology 1980, and engine - 5
and aircraft’ certlflcatlon ‘date. would be 1985."
Performlng this study would ehmlnate exustlng'
dlscrepanmes in the program results

;None‘.

Fundzng The fundlng requlrements for thls' o
task are shown i in Figure'43. '

" Funding, 1000 dolldrs

\

Ob]ectzve To determme ':."the, _'optlmum'
“ acoustical treatment for  fan, compressor and . ‘
turblne ducts |n terms of EPNdB reductlon L A

Scope ThlS is:an, anaIytlcaI and ex' rime ;
program. almed at deS|gn optlmlzat|on of nacelle ¥ -
treatment. It will include. analytlcal and desugn L




engine. The fabrication and test of full-scale
hardware, however, will be a part of an engine
contractor program for development of a quiet,
two-stage turbofan.

Approach: The emphasis will be on reduction
of EPNdB for an airplane flyby. This requires
an examination of noise reduction effects at all
angles of noise radiation from fan and
compressor inlets and discharge ducts, and
turbine discharge ducts. One of the variables to
be evaluated is double, triple, and quadruple
tuning frequencies in different sections of duct.
Continuing efforts will be made to find new
concepts for treatment. The large number of
variables for the optimization study will require
extensive use of the digital computer. When the
analytical phase is completed, laboratory tests
will be used to validate the concepts. Upon
completion of the laboratory test phase and
consequent feedback into the analytical
procedures, a full-scale nacelle treatment will be
designed for evaluation on an engine test stand.
The design will be for the 2-stage fan engine
being developed in a parallel effort by an engine
contractor.

Results and Potential Benefits: The results of
this program will provide the analytical and
design tools for determining the acoustic
performance of an EPNdB optimized nacelle
treatment, and the design of such a nacelie for
evaluation on an engine test stand.

Facilities: Existing
acoustic test facilities.

laboratory  engine-duct

Funding: Funding requirements for this task
are shown in Figure 44.

6.2.7 Engine-Nacelle Integration
Area: Power Systems

Objective: This study will investigate the dual
effects of low-noise and high-speed design
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Figure 44, Funding required - Optimization of nacelle noise treatment.

requirements on internal nacelle aerodynamics
and determine requirements for a compatible
and efficient power package installation,

Scope: The study will investigate inlets,
exhaust systems, and thrust reversers visualized
for application to transonic transport aircraft.
Auxiliary inlets and boundary-layer control
devices will be studied. Splitters for inlet and
exhaust-duct noise suppression will be
evaluated. Methods for improving
thrust-reverser performance and reducing cutoff
speed will be investigated.

Approach: New concepts for inlets, exhaust
systems, and thrust reversers will be proposed
and developed analytically. Tests will be
planned to fit the specific requirement of the
concept and ~component under study.
Small-scale static and wind-tunnel tests of inléet
systems have limited value because of the large
impact of scale effects. This type of testing will
be performed at reasonably large scale. Exhaust
systems can be successfully investigated at small
scale, but care must be taken to simulate the
internal response of the engine to nozzle
mismatch and suppression effects. Isolated
thrust-reverser performance can be studied with
small, fairly simple test rigs. Interference
effects, such as cross-ingestion and drag
wipeout, however, require a fairly elaborate rig,
such as a powered-nacelle semi-span model in a
wind tunnel.



.- required for the inception of a full-scale
' transonic  transport = program.  Significant
. breakthroughs = could - result '
.. concentrated -application of effort, particularly

“integration, and thrust-reverser design,

_ - suction source, such as an exhaust blower orold.

and cold-flow nozzle testing will be necessary.
A low-speed wind tunnel with high-pressure air
‘supply will be needed .for -thrust-reverser

- ‘semi-span airplane model., All .of these facilities
"are readily available.- -, . v .

are shown in Figure 45. .. ~, .

| iv'I?“wui'i'r‘zg: lFundivng ‘requirements for this task

1

R

‘Area:; Power Systems " ©C ..

v

aerodynamic characteristics, propulsion’ cycles,
and .noise treatment -for the purpose . of

' low:noise design of an airplane.. From the trade

: p'erfdﬁhance loss, and cost. - .
-.'S'cdpe“:”This will be a tradé Study and design

= 1.2 transport aircraft.

" Approach: Utilizing configurations derived

w " from ‘the current study contracts, further

;Régu,lts'gnd}-’gtentiql‘Béﬂ?ﬁi.ﬁl;‘:the 'st'ud.y«'wiil,l.,-.;., " 300 (=
-provide . the - trade-offs between  ‘noise, . - ‘

‘performance, and ‘eéngine-nacelle compatibility -

from  the

Funding; 1000 dollars
It
o
T

Jin/ the’ areas  .of noise treatment, nacelie

 Facilities: Inlet testing will require a large
" engine, for simulation at an adequate scale, ,For -

- :basic - nozzle "'and thrust-reverser’ testing, a .-
- pneumatics test lab with provisions for dual hot-’

' interference tests using powered nac_ellés anda- O ,
- Results, and - Potential - Benefits; A’ series. of ' -+
' paramietric' trend - curves will be ‘generated to..

treatment. TR R

Facilities: None... = " -

Finding: Furding ietiamint
e S . ..  areshowninFigured6. "= "~
s Tvo't‘al Airplane Low-Noise Optimization B R

" Qbjéctive: To perform ‘trade studies-relating to

Funding, 1000-dollars -
8
T

' ;det'e!rmihing the optimum in each area for

< istudies; " to - formulate’ tools -for..the ‘design of .
~low-noise” -aircraft "~ to: . minimize - weight; " .. T . T e BT e T
' 6.2.9 Unconventional Approaches To Noise -
""-f--'.'siu‘dy program, oriented tpward M =0.95toM. Area: PQWGF Systems -

Objéctive: To investigate "rovei

l
. v
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low-noise " optimization. ‘ trade .~ studies - of
propulsion cycles, thrust requiréments, acoustic .

* ‘treatment weight and losses, and wing area and

high-lift devices will be conducted.

provide comprehensive design data for acoustic h
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Fiquu\ 46. Funding required - Total airi)iqne lowi-noise o:p'iiniidtion.

1 -

" Reduction

, methods of © - -
noise alleviation with particular emphasis- on
buried engines or over-wing engines and 'slot_-jgt




discharges along the upper wing and/or flap
surfaces.

Scope: To investigate unconventional methods
of aircraft noise reduction for transonic
transport aircraft.

Approach:. A thorough literature and industry
search into the area of jet- and fan-noise
reduction directed toward methods, procedures,
and devices that have not been used previously
in an aircraft context will be conducted. All
possible methods, including ideas from other
industries, will be evaluated. The feasibility of
the various concepts and estimated benefits will
be determined. A thorough study of buried
engines and over-wing engines with slot-jet
“discharges will be completed.

Results and Potential Benefits: The most
promising concepts will be applied to transonic

40

transport configurations derived from the
current contracts, when applicable, and to new
configurations in cases such as over-wing
mounted engines. Each new concept will be
thoroughly evaluated relative to feasibility and
expected noise reductions, weight  and
performance penalties, and possible problem
areas. Recommendations will be made for
further R&D efforts for promising applications,

Facilities: None.

Funding: Funding requirements for this task
are shown in Figure 47.
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Figure 47. Funding r:juired - Unconventional approaches
to noise reduction,



7.'1-""s‘TATE OF THE"A‘RT .
perm|ts the aircraft designer to achieve greater

for active controls is in meeting
handllng -qualities requurements wuth alrplanes

- requirement for design methods that are more
“suitable for ‘use in preliminary . design, where

consrderable promlse is .
‘contfol-system ~ "' ‘optimization. = A
model referenced fllght -control system desrgn
process consists of an unaugmented aircraft

task would develop the mathematlcal
aircraft with the characteristics of the model.

i The. study has also. demonstrated ‘that hardware
problems exist. For example one of the blggest
obstacles to provndlng an accurate economic

flutter ‘suppression, ‘maneuver load- alleviation
and . gust. load alleviation is the

devrces on supercrltlcal airfoils. A task is
proposed that would mvestlgate -various
methods of achieving these forces and moments
and provnde the results in a format suitable for
use |n control system deS|gn :

“to increase reliability establishes a requirement
« for actuator load balancing since the posrtlonmg
of . iridividual . ‘actuators  differs. slightly.

u,f.ldesngnmg -compliance |nto -the .
. structure and using closé tolerances in the

" -evaluation of roll- control system desrgn active’

- »The.‘appllcat|on of redundant actuation systems

The appllcatlon of actlve-control technology'

Ievels of performance while reducing welght and °
operatlng cost. One of the biggest payoff areas

lacklng inherent stability. However there is a .

rapld trade-offs between active and., passnve‘ -
stabllity are .needed.” A desugn method with
model- referenced”

""with" its-own- natural dynamics, and a model,
which has suitable dynamlcs The proposed’

and -
" computer ‘methods “to désign an “augménted

lack of ..
mformation on force- and moment producmg,,,‘

Tradltionally, this has been accomphshed by .
attachmg'

actuator/spool assemblies. This adds to the cost -

. as ~a

; lVlodern N
demonstrated' a very. high ‘level of rellabllity in g

Cowills

7.0 CONTROL.OF FLIGHT = "3+ 1, v ™ i p 50

result of. this’ study
electrical compensation signals, the compllance

is hlgh -and a. hydraulic - pressure feedback

electronic e components

many systems, but not in others. Instead, the

low system rellabllmes have provoked adverse‘,‘ o
“whose. "

. has
(it is. usuaIIy not a .-
"questlon of 16sing the - augmentatlon functionf“‘ R
~but of the -economics of - mamtenance

comments from . operators, .
mamtenance-hour/fllght hour - ratlo
mcreased In such:.cases,

prevent this occurrence-in the use of fly -by-wire

'systems ‘design; standards must be" developed. .. ...,
NASA support 'is requlred to establlsh these""
standards, - if costly mdustry duplicatlon istobe - '

development- costs "are -to be’ mrmmlzed The ol

S|gn|f|cant factor is that fIy by -wire systems

of the ai'rplanei'A different 'solution is ‘propOSed ‘
Because “the.
electro hydraullc mput servos are avallable for""'

technlque is' devised"fo load balance the: surfacel o

posrtionlng sérvos by adjustlng command’ sngnals L N

' to average out’ any tendency on the part of one; " v

actuator to countér ‘the-others. ThlS method of -

* force sharing is’ stlll in the prellmlnary design =

- 'stage and_requires a 5|mulat|on study to prove iy
the technlcal approach : : o

have L

To

;av0|ded ln addltlon standard ‘and - proven
components of * high rellabllltyv_‘ must - be v
developed (if  the .individual. arrplane .

have the potential to increase flight-control -

the concept is properly developed S

The deveIOpment of the. Mlcrowave Landlng,flg;
4System must include the development of suitable -

aircraft. antennas. - Antenna ‘modellng on

'scale-model aircraft for radiation- pattern studies o
. permit the development of - candldate‘ )
_configurations that can be designed- fuII scale.
: Performance ‘should: be,. venfled on fulI scale- -

aircraft. -Since each airframe conflguratlon has
peculiar antenna radiation ‘patterns,

e

: szstem reliability and: reduce operatmg costs |f _ -

the .




appropriate airframe must be used to develop
antennas suitable for that aircraft.

It is also important to consider man-machine
interface problems. For example, there is
considerable concern among pilots that the
implementation of area navigation will cause an
intolerable increase in cockpit workload,
particularly in the terminal area. While area
navigation, STAR, and SID routes will be highly
standardized, and aircraft will automatically
follow predesignated routes, in-flight changes in
plan will occur and must be accomplished in a

simple manner. These complex interactions
among the pilots, aircraft, and the ATC system
can best be studied using a functional real-time
simulator that includes all significant elements
of pilot work load.

An essential part of terminal-area air traffic
control operations is to maintain a high
traffic-acceptance rate during instrument flight
conditions and under all probable wind
variations. Development of the Microwave
Landing System, full implementation of area
navigation, and the up-grading of the VORTAC
system are necessary improvements. Synthesis
of these developments into a complete
terminal-area system must be accomplished.
Fast-time digital-computer simulation will allow
a rapid exploration of the spread of

TABLE V, TASK SUMMARY - CONTROL OF FLIGHT

Readiness Type ‘lofit NASA

L N
Task rating |Priority Study] Lab test JFit test support

[Cockpit and control~

display simulator and 2 2 X [Simulation No Yes
kcockpit workload study

Load balanced stabilizer

lactuation systems 2 2 X X No Yes
[Upgraded PFCS mean time

between failure 3 2 X No Yes

Independent force and
moment producing devices| 3 2 X X No Yes
lon supercritical airfoils

[Terminal area simulation

to maximize acceptance 2 2 X Simulation No Yes
rate

Aircraft handling

qualities following 2 2 X Simulation No | Yes
multiple FFCS failures

Development of MLS

antennas 2 2 X X X Yes | Yes
Model -referenced

control system 2 2 X Simulation No Yes
loptimization

Rolt axis system 1 3 X No No

moniftoring
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Figure 48, Funding summary -Control of flight,

environmental and aircraft characteristics as
they affect terminal-area performance.

7.2 R&D TASKS

Recommended R&D tasks relating to control of
flight and a summary of the corresponding
funding requirements are given in Table V and
Figure 48, respectively. Detailed task
descriptions, including funding and schedule
requirements, are given in Sections 7.2.1
through 7.2.9.

7.2.1 Cockpit And Control-Display Simulator
And Cockpit Workload Study

Area: Control of Flight

Objective: To develop a functional cockpit
simulator to evaluate all significant elements of
pilot work load for the 1980 time-period.

Scope: The simulator will be a two-man
Captain/First-Officer arrangement with dual
controls and instrumentation. It will be capable
of fully-automatic flight over a pre-programmed
route to touchdown, or can be flown manually
with varying amounts of automaticity as
desired.



actnw |es m a”transomc trahsport aurcraft in the'
1980 tlme frame B.sed .on.an expec ed 1980

'49. " Funding requi
mulal’or and cockplt worklood study

inv éstlgate ‘the _,tech"',"




reduction of maintenance actions for support of
the electronic flight-control system.

Scope: The study will be limited to an
investigation of primary flight-control system
reliability for transonic transport aircraft and
the impact of channel simplicity and
environmental stress protection on improving
reliability.

Approach: On the basis of the. experience
gained in design of sophisticated augmentation
systems for transport aircraft, guides for
minimization of part count on the

building-block circuit level will be drafted. In

addition, new packaging concepts and ambient
environmental-control concepts  will be
examined. The relationships  between
environmental stress protection and improved
reliability will be investigated.

Results and Potential Benefits: The study will
provide design guides. Comparative data with
state-of-the-art augmentation systems will be
established. Projected system MTBF
improvement will be established. ‘

Facilities: None.

Funding: Funding requirements for this task
are shown in Figure 51.

7.2.4 Independent Force- And Moment-Producing

Devices On Supercritical Airfoils

Area: Control of Flight

Objective: To provide flight-control
information for the design and evaluation of
active flutter suppression, maneuver load
alleviation, and gust load alleviation systems.
The information is also required for roll-control
system design when the design incorporates very
flexible wings.
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Figure 51. Funding required - Upgrade PFCS mean time between failure.

Scope: The study will include analytical and
wind-tunnel work on a variety of supercritical
wing control devices.

Approach: "Analytical studies will be initiated
to determine the most promising devices for
wind-tunnel  evaluation. Moment-producing
devices will receive special consideration. Time
lags, hinge moments, and drag will be studied.

Results and Potential Benefits: The risk levels

in designing active structural-control systems
will be greatly reduced and more accurate
economic assessment of possible benefits will be
possible.

Facilities: Existing
transonic wind tunnel.

digital computer and

Funding: Funding requirements for this task
are shown in Figure 52.
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Figure 52, Funding required ~ Independent force and moment
- producing devices on supercritical airfoils. .

7.2.56 Terminal Area Simulation To Maximize
Acceptance Rate .

Area: Control4of Flight

Objective: The objective’ of this .study is to
determine .methods for achieving a runway



"%, " acceptance rate of the order of 60 aircraft per
L holrto a - touchdown timing . tolerance of 5

S 'seconds one sngma ‘or. better.
.,lcompatlble with .

Recommendatlon 2
Reference 3 ‘

‘Scope' The termlnal area: S|mulated W|II mclude
,several predeflned arrlval -foutes ' (STARS);"

v spread of vertlcal approach angles responsive to
noisé. abaternent procedures, and:- time-progress
i:, control along the STARS. The effects of winds

““probable spread of aircraft

- performance
charactenstlcs wrll be lncluded B

: “used- to 'study -the spectruimn of parameter
." 'Variations. Pilot. dynamics will be included in
. .'the. control loop so that the results will be valid
S : “fof.manual fllght control The, wmd effects will

o vector
’ Computer and the eX|stence of- the ARINC VHF

he’ ground envnronment

readouts

i
v .

',:aResults and Potentzal Benefzts _,The study will
- permit.
" runway- operations rate consrstent with. safety
- and ground n0|se-level constramts ‘

Facilities: Emstmg'
JRAA perlpheral devices.

d|g|tal computer

are shown ln Flgure 53

ety . ’ \

R TR B

" S (A
Fiscal year” .

anure 53 Fundmg requrred Termmol urea snmulahon Yo maximize”
! acceptance, rvle . .

‘The study is
in

nd wmd varlablllty will' be lnvestlgated "“The "

-.Approach Dlgltal computer srmulat|on WI|| be

_ recognlze the existence of the . real-time- WIndx :
in- the ‘ARINC Mark "2 Area Nav

data link capable of transmlttlng such data to..._*
Fast time: snmulatlon‘j"
will be used Vlsual plotters W|ll be. used as

maX|m|zatl0n of - termlnalarea and

Fundmg Fundlng reqmrements for th|s task

©7.2.6 Aircraft Handling Qualities
Following Multiple PFCS \‘Fai'lu'res

'
s

Area Control of Fllght

Ob]ectzve The program wrll provrde pllot
- assessment -.of - handllng qualltles followmg
~ failures in the PFCS and lnterfacmg systems

Scope Alrcraft S|mulat|on wrll be Ilmlted to'
the basellne M= 095 conflguratlon usmg the
“best avallable aero data. Cockplt enwronment
will. be "typical for a ‘large. transport wuth

reallstlc exterlor vusual cues L

v e

Approach The sumulatlon set up bemg used at
present  to . determine augmentatlon
reqmrements for the aircraft will be used for'.:
.. this - study. P|Iots ~WI|| ﬂy the S|mulator ‘
exp,f ience multlple PFCS fallures and record
.resultmg handling characterlstlcs usmg Cooper
ratmg scales

I3 r‘.

Results and Potentzal Benefzts.. Results of -the
study wrll conflrm PFCS desrgn |ntegr|ty |n the»_v; ,
event of’, multlple system failures. - Th,,e‘
S|mulat|on W|ll also provnde a startlng pomt
from ‘which' PFCS cautlon -and’ warnmg crlterl
and control panel deS|gn can be denved

Fundmg Funding reqmrements for thls task
are shown in Flgure 54 X :

“Fuhding, 1000 déllars

Fisdoly‘eur'

Flgure 54 Fundmg reqlured Alrcmff hondllng qucl|lhes followmg L
mulhple PFCS fallures R




7.2.7 Development Of MLS Antenna System

Area: Control of Flight

Objective: The study will develop a MLS
antenna system for the M = 0.95 airplane for
terminal-area operations.

Scope: The development of suitable MLS
antennas will be accomplished through antenna
modelling techniques for  feasibility
demonstration.

Approach: Laboratory model antennas will be
designed and developed for feasibility
demonstration. Radiation-pattern studies will
'be conducted to determine satisfactory coverage
for both C-band and Ku-band components.
Scale-model techniques will be used for
measurements of the C-band antenna to
examine the omnidirectional pattern
characteristics. A full-scale sectional mockup
will be required for the Ku-band studies.
Antennas will be modelled, tested, and
reconfigured as required to secure the proper
spatial coverage. The full-scale preliminary
designs of the selected antennas will be made
from which final designs can be derived.

Results and Potential Benefits: The study will
provide the basis for the detailed design of
antennas suitable for the LGS function.

Facilities: Existing antenna laboratory,
including antenna pattern measuring range, and
model shop.

Funding: Funding requirements for this task
are shown in Figure 55.

=3
(=]

1972 73 74 75 76 77 78 79 1980
Fiscal year

Funding, 1000 dollars
o
i

Figure 55. Funding required - Development of MLS antenna system.
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7.2.8 Model-Referenced Control System
' Optimization

Area: Control of Flight

Objective: The study will develop techniques
which will provide optimum control-surface
sizing in the preliminary design phase.

Scope: The study will be limited to developing
new control-system techniques and applying
them to the M = 0.95 configuration to
investigate a further reduction in control surface
sizing.

Approach: The conventional techniques (such
as root locus, Nyquist, Bode and Nicols) are
good for designing control systems with single
inputs and single outputs. An aircraft, however,
is a system with multiple inputs {three or more
pilot controls) and muitiple outputs. Modern
control technology, using model-following and
model-referenced  techniques, provides a
solution to this problem. The approach
suggested for this task consists of:

(1) Finding mathematical models that
have good transport handling qualities
for both lateral-directional = and
longitudinal modes.

(2) Determining the best computer
© optimization techniques to specify
the feedback gains and control
surface sizes for the subject aircraft.

(3) Developing an orderly design iteration
process for implementing the
procedure.

Results and Potential Benefits: The procedure
proposed here provides a quantitative method
of trading off active and passive stability which
is essential to an effective preliminary design
effort. The use of direct-lift and side-force
control devices is enhanced. Further reductions
in aircraft weight are possible.



'Fac'ili ties

Exnstmg dlgltal computer ,

K

;Fundmg Fundlng requnrements for thls task
are shown i in Flgure 56. : '

Ve
L3 Y T T T T T T T T
. é '
2 o || 1 I .
R T B L 74 V757, 76 .77 78 79 1980
2 ' Flscal yeor o '

7.29 RoII’Ax~is"S‘ys'tem Monitoring

Area Control of Fllght

. 'the roll axis. of the. M = '0.95 study airplane.-
“The amount of circuitry added to accompllsh
the momtormg will be mlnlmnzed :

‘baselme conflguratlon .

: ',Approach The study will consuder alternatlve‘

‘ welght and complexity are reduced

- Fééilit'iesf,jNone;_ o

T Flgure 56 Fundlng requued Model - referen:ed conrrol system opnmlzohon. -

4,0b]ectzve To derlve an efftcnent means for
' momtormg the multlple actuation: systems on.

' '~S‘cope'= The study wiII‘ be limited to the basic -
" roll-axis driving mechamsms conflgured for the

approaches to: the monltorlng task such asnew -
;. logic' ' statements.  which "~ require - “fewer - [
" comparators and = techniques- other ‘tha’n
comparison monitoring. :

K Results and Potentzal Benefzts By reducmg the .

circuitry required to monitor the roll-axis PFCS, -
overall system MTBF is |mproved and system“

Fundzng Fundmg requnrements for thls task. ,v
are shown in F'gure 57. : -

3

Funding, 1000-dollars _ ' :. = -
=

1 I L L L L »
74 75 76 77 78 79 1980 . .

ol——.
o7z

- . Fiscal year

" Figure 57. Funding required < ROIl axis system monitoring, - .* -
oot i .’l'.";- : ) - R ". R .. :
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8.0 ECONOMICS

8.1 STATE OF THE ART

The two major types of cost within any
industry are investment cost and operational
cost. In many instances, within the airline
industry, total investment cost is extremely
difficult to identify. In addition, complete
quantitative awareness of total operational cost
and its distribution is not prevalent. Since these
costs are instrumental in determining return on
investment, it is necessary that they be
identified and minimized if an optimized return
is to be realized.

Present total system investment methods of cost
determination wused within the aerospace
industry do not reflect realistic values. Many
airlines feel that certain investment costs are not
being properly considered in terminal facilities,
ground support facilities, service/support
equipment, and other aspects of overall start-up
costs. It is unlikely that operating costs are
either identifiable or controlled to the extent
required for efficiency of operation. Indirect
operating cost continues to grow as a percentage
of total operating cost. Advanced technology
aircraft are in production, with extensive
technological advancements being planned for
the coming generations of aircraft. Current
ground operations and equipment are not
compatible with these aircraft, nor is full
advantage being taken of the benefits that can
be derived from the application of advanced
technology in the ground operations area.
Research and development studies to identify
and categorize each cost associated with air
transportation system operation, and define the
application of advanced technology throughout
the system, will be highly beneficial to the
airline industry and, hence, the general public.

In order to accomplish this, separate studies are

required for updating direct and indirect costing
methods. Presently, direct operating costs are
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based on 1967 ATA standards. Although these
standards have been modified to some extent
for current usage, they do not include the total
effects of advanced technology in materials,
systems, air and ground equipment, and
operational techniques. Lack of uniformity is
in greater evidence in indirect operating cost
determination. Several different methods are
available, but none has been officially
sanctioned by the airlines or other related
agencies. Because of these deficiencies,
resulting return-on-investment values are
inaccurate on an absolute scale. Concerted
efforts should be undertaken to develop
methods for producing accurate direct and
indirect operating costs and relating these costs
on a current/advanced-technology basis.

8.2 R&D TASKS

Recommended R&D tasks in economics and a
summary of the corresponding funding
requirements are given in Table VI and Figure
68, respectively. Detailed task descriptions,
including funding and schedule requirements are

~ given in Sections 8.2.1 and 8.2.2.

TABLE VI, TASK SUMMARY - ECONOMICS

Readiness| , . . Type . | NASA

Task rating | TTIOMY [Siudy Tiab rest [FTT test| e ofitl soport
Advanced tlech-
nology applica~
tion- ground 2 2 X No Yet
investment
Update of direct
and indirect 2 2 X No Yes
costing methods
169 T T T T T T T T
120 -

Funding, 1000 dollars
@
S
T
1

&
T
1

I 1 1 1 § 1 1
1972 73 74 75 76 77 78 79 1980

Fiscal year

Figure 58. Funding summary = Economics.



e Groundlnvestment

-;:_.-'Area Economlcs .

Objéctive To determ'ine the levels of ‘advanced

g advanced ‘technology alrplanes costs involved, a

o enwronemnt with . current and
.A_.‘-'technology alrcraft SRR

"appllcablllty determmed relatlve tox

R 'alrcraft :

(2) .-Air termlnal system operatlons

':(3)':,;Ground facmtles and equnpment

‘‘communications. .

" (B) - Crew training ..

"’z,‘,;,',‘_-andsystems 5( S

- (7‘)' Alrcraft service and support

e .":':fA cost and benefit: analysns with |mprovementsf'-‘-
" " in ‘the quantification "of - these benefits, will-

- . enhange the credibility and acceptance of study.
‘ ',,.results by potentlal users. :

‘ \Results and Potentzal Benefzts The study wnll
-prowde an advanced technology

""ground equnpment and facilities.

f"-analyses of conventlonal versus advanced

8 2 1 Advanced Technology Appllcatlon- .

‘“:‘:’technology that -can be . applied within the
; _“fground element of the ~air- transportatlon o
’ ) system, the’ requnrements for compatibility with

“. time-phased implementation - schédule, and the -
benefits that willbe derived'in an operational =
.advanced

"Funding, 1000 dollars. * .

“'Scope The status and avanlablllty of pertlnent' :
-, advanced technology will be established and its

* (1) _Current and advanced technology -

TR (4) :Termlnal area’ alrplane operatlons and i

: 6 Maintenance of advanced materlals .
(6) ‘-.Ob]ectzve To .

operating. costlng methods ‘so that the. effects of .. B
advancements in materials, systems, arid' other -
technologies will be included. A method for . .
.ZDOC and’ 10C calculatnons whlch is acceptable"_-;* %
Crelated -
_organlzatlons will be a study objectlve ' s

a "‘EScop‘e

system.
1"7def|n|t|on relatuve 10 a|r “terminal. operatlonsg'
Economlc

| 4"v:"systems will establish a priority system. Bases
"¢ 'for decisions will be presented in the form of =
initial investment, operating costs, and benefits

derived from an optimized system. - . - '
~ Facilities: None.

' Fundmg Fundlng reqmrements for thls task

are shown |n ‘Figure 59

.50 ¢
awf
304

20

o . ! { " . B . s :
1972 73 74 7576 777 78. 79 1980

Fiscal year

- B Flgure 59 Fundmg requnred Advunced technology upplncuhon groond mves'ment

', 8 2 2 Update Of Dlrect And Indlrect ' Costmg

Methods
Area: ‘E'co'nor‘nics

update dl‘rect ‘and. -

to ' the aerospace “industry and-

The study will mclude Févisions- to ‘the .
1967 ATA Standards for Dlrect Operatmg Cost

and to ‘a compllatlon of: proposed methods for
;-'.estlmatlng alrllne lndlrect operatmg cost ‘

‘Approach The results of prevnous efforts will

be utlllzed in est|mat|ng dlrect and indirect -
costs. Coordlnatlon g W|th approprlatef
assomatlons agencnes and mdustrles W|ll be‘

mdlrect o



established and maintained in order to
formulate acceptable criteria for costing
methods. Validation will be through
comparative analyses of actual direct and
indirect operating costs under known
conditions.

Results and Potential Benefits: The study will
provide an accurate method for estimating
direct and indirect operating costs for airline
operation, expansion, or new equipment
acquisition. It will provide a dependable means
for pre-determining these costs in order to
properly assess the total investment required for
a desired return on this investment.
Improvements will result in the quantification
of benefits derived from the application of
advanced technology.
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Facilities: None,

Funding: Funding requirements for this task
are shown in Figure 60.

60 7

Py
=]
T

~

~3
T
|

Funding, 1000 doliars

1 | 1 | 1 1
1972 73 74 75 76 77 78 79 1980

Fiscal year

Figure 60. Funding required - Update of direct and indirect costing methods.



The research and development requirements
~ discussed in this section are a summary of the

. . tasks outlined in Sections 3.0 through 8.0. The
© . most urgently required tasks are listed 'in order :

of priority in Table Vil. The last item on the
- list, denoted by the asterisk, does not meet the

fllght demonstratlon vehicles. .

Table Vil
beneflts outlined in Phase ll
Volume 1.
_ have the hlghest pnorlty in tasks (1) and (2)
K Supercrmcal wing’ technology ranks next - in
RS priority with tasks (3) and (6); Although not in

Section 7.0 of

v the category of benefits, but rather as desrgnf
the ‘tasks .associated with- n0|se,_‘.
(5),‘ and

- constraints,
reductlon are denoted by items (4),
A7) The emphasus placed ‘on ‘these tasks. is a

result of both.-the anticipated technologyf

. benefits and the correction .of deficiencies in
technology readiness.’
hlgh prlorlty glven to. advanced materlals

Slgnlflcant beneflts are realized through the
: '. appllcatlon of “all of - the'
B represented ini “this table." Technology
deficiencies have been identified for large
structures contalmng a high utilization of

supercrltlcal wings, and transonic arrcraft deS|gn
methodology The large empha5|s .on-the
" “achlevement of noise levels 10 and 20 EPNdB
"below * FAR ":36. " criteria '~ has
o -‘requ|rements for R&D programs in - the
" prediction of the far- field aerodynamic noise of
" advanced . transport, conﬁgura’uons
:achlevement of Ilghtwelght acoustlcally treated
E ‘;englne nacelles and in the valldatlon of noise
i’aIIev‘latlon through flight - operatlonal
techniques.

The order of lmportance of the R&D tasks of -

corresponds to the techriology

Advanced matenals are shown to-

This ~accounts for the

technologles'

,_‘ advanced compOS|te materlals the mterference '
~of- wing-mounted - ‘nacelles- -and pylons ' with

. identified

in the -

' crlterla of Pr|or|ty 1, but is listed because of its o
|mportance in determlnlng guidelines for future,

4 Costs and schedules for the flrst prlorlty tasks_‘.,,,

“are " given “and. Figure:’ 61, -

~ these efforts ‘involve fllght programs.

TABLE Vil,

9.0° R&D PROGRAM PLAN

PROGRAM REQUIREMENTS
“{Program Task L P .
priority section - Task' S

S number )

17 5.2.1 Design, burld & test full-srze section of lyp|cc| composne
wing box

2 5.2.2, Deslgn, burld & test full<size barrel section of kyplcal
composne luseloge

3 6.2.1 Nocelle-wing interference. .

4 6.2,2 " Far -fu;ld aerodynamic noise evaliation”" " o

5 3.1.1 Design, bunld and fest a lightweight ucousrlcully treated nacelle

6 4.2,1 Transonu: design and analysis methods . '

7 6.2.3 Aircraft operuhonql techniques for noise alleviaﬁon .

* ) 13.2.2 ‘|- Cost benefit study of size effects for'a fllghl dernonslratlon S

o vehlcle . . .

TABLE VIN, PROGRAM COSTS IN MILLIONS OF DOLLARS FOR FIRST 'PRIQRITY TASKS

\Q ] .. ‘ Tachnolagy o

Task 197311974 11975 | 1976 [ 1977 | 1978 11979 - 1980 | Total' | category

1. Composite y ; A o ; ‘

" wing box[0+600 1.900 3:000( 1.000, 0.800] 0.800 | 0,800 | 0,800 9,700 ‘Materials.

2. Composite . s g .o N
fuselage - 10,700} 1.600} 3.500) 1.8001.300] 1.300,] 0,600 | 0.600|11.400| Materials - |. .
. section - -t . . .

3. Nacelle- . : !

- wing 0.20010.300 1.000] 1.200 0-400}0.200 | 0.100 3.400
interferénce . i ’ .

4. Fartfield . o] . .

" neise o [0-2000025 0 L e ) 0.2,

5., Lightweight [0.340 | 0.660 | 1.000f 1.500 | 2.5001 1.500] « 7.500
" ocoustic ot 3 .
nacelle ) ‘

6. Transonic . : -
design and 0,500 10.600 { 0,700 0,800 | 0.800 { 0,400 | 0.500 4.500 | Supercritical
 methods . . . &

7. Operational v . - e : (. "

" techniqies=-{ - |0.150(0.300f0.150{ - | * B R 0.600 | Noise ;.. B

| ‘noise . L [N 0 R B Pl A

+ ‘ . N " N
sclj:'ff,::,;' 0.175 0.175] Systedis

Total 2.715 5. 285 9:50016.450 | 5,800 | 4.400 | 2,000 1240037500

in Table VIil

respectively. It.should be noted that five of

top-priority: composute wing- box effort Cis an'j,.;,'t_'
accelerated . development program wnth the‘"‘

" objective of accumulatlng flight hours at a hlgh - C

rate on a flight test article.- It is proposed that

thlS be accomplished .with" a- cargo transport;.:;‘,
It is’ thus.,

operated by a commerC|al alrllne
prolected that “flights ‘would begln in FY 75."
Six thousand flight hours would be accrued by. ' .
mid FY 77 . and 12 000 hours by mid FY 79. -

- This program’.can-provide valuable data on‘the: ="

mamtalnablllty of comp05|te structures in an’ -
airline environment with the attendant’ exposure
to the elements A program of this type also

'§uperériri':ul,‘ et

The. . .




Tosk MR 78 | »m | e
v VW Flight hou,s .~
Composite wing box \5/__-_:—_——-—6@ ____ ]2_05)0_ _j

Wing box,
fuselage - iab test

NVASSVAVAVAVAY

Nacelle - wing
interference

Aerodynamic noise S; _]

Ground test article

Flight article

VARV W\/\/W

Lightweight nacelle

V_ ]

1/\2/\3/\4

VAVAVAVARAVA

Transonic design 3 & 2 - Dimension wind tunnel test

Flight operations -
noise

N ___]

Legend: Wsmy WDesign WFobriccfion W Test v Fly

Figure 61.

provides the experience and confidence
necessary for eventual acceptance of composite
material structures.

The laboratory test program for large-scale
wing-box and fuselage sections is essentially a
structures technology program with the testing
continuing from FY 76 through FY 79. These
test programs include cyclic loads,
environmental cycles, damage tolerance,
stiffness, creep, lightning protection, and aging.

The nacelle-wing integration effort begins with
the second generation wind-tunnel testing of the
Lockheed M = 0.95 model. This is followed by
design, fabrication, and testing of refined
nacelle-pylon configurations and flight tests of
the final configuration.
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Schedule for first priority tasks.

The aerodynamic noise flight test program can
begin as soon as the flight operational
techniques have been developed.

The lightweight, acoustically treated nacelle
effort evolves through design, fabrication and
laboratory testing of both ground- and
flight-weight test articles prior to flight tests in
late FY 77.

The transonic design and analysis methodology
effort involves two- and three-dimensional
wind-tunnel tests followed by evaluation of data
and refinement of methodology in an iterative
fashion.

The effort on aircraft operational techniques for
noise alleviation by means of steep flight paths,



; “....a'utomatic flap  extension, and other'appropriate A ‘ } \ , ,
.Toperatlons is ‘postulated as a more. detailed L tamE TotAL PROGRAM COSTS IN'MILLIONS OF DOLLARS
W _v'gextensmn of ‘current programs to include’ Iarger [ T —re -
i L test - vehlcles AS Wlth the aerodynamnc no|se7" A '>=°'e9°vy N .|9’7_3 1974 |- 1975 ] 1976 | 1977 - |97a‘ 1979"'1980'” '
- effort, this program: can begin relatively soon, = |' mer. 292 s 2.495] s20] 3.670) 2.70) 1470 10} 31715
dependmg only upon the development of f||ght ' ,i’f:;ﬁ]:;’;“'. 1.270| 1,910 _2.695‘ 2.795| 1.465 0,800 | 0.600 s

u-,,operatlonal procedures “ U s L3 Neise 0.865| 1.635 1.900 [ 2.100 | 2.710 | 2.025( 0.025] ,_' Mz |

reduction -

" Jotal

~

~

; 'Inclt]ding the s seven first- priority tasks, a total of o m: R _"?55 oY ¢ 000) 3.000 200 e
'49 R&D tasks were identified as a result of the [/, |o-%0] o) 0.se00.300 T
o "srtut:jy The total program costs are outlined in | terets - | 5.935]12. 58519, 485 16.995] 1 a5 | 7,995 a.095] 1470 soa0s | x
-, Table IX and are shown graphlcally in Figure Cee LT e e e T
"162. “In’ thesé illustrations, the'research and‘ ..~ . < - © T Tt
'development ‘tasks are divided into- five '
technology categoraes A new technology , . , _ oo
. category of Systems Studies represents the areas - [ " T T — -
.associated with system integration and include: . | [ R d mater IR
~design, economic studies, and systems analysis - ®F | | o
-efforts. Some system study efforts cross the = [ ° . —
Ny ,Iines of several technology areas.' The total cost .~ - ‘
. of all programs shown is $80.405 million. Of -' |
_'thls total cost; advanced materials: account for 7 oWf T —.
. ‘,‘:‘$31 .715 " million -or 39. 4%, systems. studles‘ , 5 3
‘account for $24.490 million or 30:6%, noise
"_reductnon accounts for. '$11.260 million or
-14,0%, and supercrmcal aerodynamlcs accounts o
: for: $11.535 million.or 14.3%.  As’ indicated by i S § , - e ‘
Figure 62, peak fundlng of $19 5 millionoceurs: <. | f s | | | |

|nFY1975 " . R

w

Advanced materials.’

Supercritical technoloéy‘ '
Noise réduction’ 1 s

System studies

e wNn =

Active controls ~

Funding, IOé'HoIlars

It should be noted that the expendlture of
‘$80 405 million for the program outlined in this o .
_ section does not represent the total expendlture BT 17 .
" 'required for commitment to a go-ahead on a i PRt DR O R L
: "}‘,commerCIaI transport program: The R&D tasksl,’},'-g- R . el , —
~ and additional development ‘normally borne by || o IR Y . A
" the industry, including. the development of  * B B wn e AR
- ‘advanced englnes are not included |n the cost ' ' R Fiscal yéar N
' '-;,v-,summary

. ] ' - . Figyre‘éZl"b‘rogmv‘n ‘éostionrmary.
. ; , . R e, . DR A M 4




10.0 R&D DEVELOPMENTAL EQUIPMENT REQUIREMENTS

10.1 TECHNOLOGY DEMONSTRATION
VEHICLES

Because of the large steps toward advanced
technology which have been shown to be
practicable in Volume | of this report, the
characteristics of the final in-service transonic
transport airplane will be significantly different
from those of any prior airplane. Since
analytical computations and ground test
facilities have only a limited capability to
simulate actual flight conditions, extensive
flight experience is the only means to provide
precise information on the final operational
characteristics of new aircraft. Furthermore,
some highly significant considerations which are
not design parameters were only brought to
light long after new models of aircraft had been
in service for appreciable lengths of time. ‘Jet
upsets”” due to turbulence and deep-stall
problems are typical recent examples.
Additionally, information of great importance
from operational and economic standpoints is
frequently uncovered only as a result of
practical operating experience. Maintainability
of structures with a high proportion of
composites will likely fall in this category.

The requirement for flight demonstrator
vehicles therefore extends far beyond
"proof-of-concept missions,” and, since many
of its functions will be exploratory, the benefits
from a demonstrator vehicle are difficult to
quantify. The items of useful information
which can be derived from flight programs are,
in many instances, dependent on the size of the
vehicles used, since many airplane
characteristics depend upon physical
phenomena which are controlled by the size of
the vehicle, or by inherent relationships
between size and weight. Figure 63 shows a
highly simplified diagram indicating several
fundamental properties of an air vehicle
dependent on size and the manner in which
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~ number

they interact to cause effects on the final
aircraft operating characteristics. Since many of
these fundamental properties are functions of a
of design parameters or flight
conditions, ({e.g., size, weight, altitude, and
speed), the possibility exists that appropriate
simulation of certain phenomena can be
achieved by properly scaling variables in relation
to each other. The following paragraphs present
a brief discussion of such possibilities, primarily
in relation to aerodynamic characteristics.

10.1.1 Cruise Configuration

Available NASA high-speed tunnels and other
facilities permit testing to about Ry = 10 X
109, but the projected cruise condition for the
M = 0.95 transport is in excess of 50 X 108.
The importance of this gap is a matter for
speculation. Experience with the present
generation of subsonic aircraft has included
several examples of the difficulty of making this
extrapolation, the C-141 wing-load distribution
being one. Semi-empirical techniques have been
evolved to account for the changes to
shock/boundary-layer interaction phenomena
that take place with increasing Ry and the
current joint NASA/Lockheed test program on
the C-141 will hopefully confirm those
techniques. The nature of these phenomena
could, however, be significantly different for
supercritical airfoils at the higher M under
consideration. Without adequate flight
validation, this would remain a significant risk
area.

. Control
Basic system

aerodynamic dynamics

phenomeng Airframe
{Reynolds number, size) flexibility s(E:zo:;;er, mass,

(stiffness, size)
L | B

Performance I Flutter
Airloads

Response

Handling
to turbulence

qualities

Figure 63. Aerody ic design iderations.,




v

It is not essential to use a completely.full-scale:

- Tests ‘with a’
" somewhat smaller vehicle at the same Mach.
number at lower altitudes can yield the requnred"

o .vehicle to attain full scale: Ry-

- values. I, however, the need to achieve full
bk, scaler € as well as full scale, Ry
recognlzed the wing. Ioadmg to WhICh the
" research 'vehicle must be designed quickly
exceeds .practical -bounds as the size of the

BN vehrcle is reduced. Flgure 64 |I|ustrates the
requrred wing |

. comblnatlons of test altitude,
: _Ioadmg’and design cruise speed which will allow
-tests.to be made at the cruise M, RN d,CL
‘values' of the present’ Lockheed M = 0.95

conflguratron as functions of research vehlcle
size.

o RN "Consider a JetStar-sized vehlcle with wing
,' area ‘of about 500 ft2 (46.5 m?). To. attain

full-scale R
be carried out V|rtual|y at sea’ level, |mply|ng a

" full-scale CL=
would need to. have a wmg loading of 590,
whlch is clearly ndlculous Conversely, if a

very- strong flight- -test structure allowmg a Vo
“.of say 500 KEAS (75 m/s), testing would still

gwmg a max R —38X 106 ataC of 0.12.

It also shows the limitations for any
partlcular test ‘vehicle in terms of achievable..

- is also -

=529 X 106 tests would have to

be restrlcted at M= -0. 95 to 12 000 ft (3660 m) e

'0verall

V ,\would also " make the:.

MO -

viewpoint and further limit the valldlty of the
srmulatlon -

The use of a 707/DCS size of research vehlcle :
with a wing area of 2800 t2 (260.4 m2) greatly o
Testlng at- oo
o ©of onIy-»
345 KEAS (51.8 m/s) ‘would achleve the desired

|mproves the research potential.
29'000_ft (8845 ™), |mply|ng a V

Ry A design wing loading of 190 would be

required.to give the full scale Cir lmplylng veryu,‘,"_.b L
“poor ’takeoff and - Iandlng performance but *r
operatlon from a research facuhty such as

Edwards would be’ feaS|b|e

little:  advantage - - brldglng

being achleved wnth the SCW F-8.

,;.‘10 1. 2 ngh Lift Conflguratlon' IR PR
g reasonable wing loading of 150 is assumed and a. . - ‘ ,
Scale effect on.maximum llft coefflcrent and S
_ on_ the:trimmed - -drag ‘versus. Cj at. takeoff and .-
_';.Iandmg flap settlng, both need fllght valldatlon e
. to enable the detail desrgn to. proceed wuth
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. Research.vehicle cHorfcheristit’:s"O demonsfr‘u?le‘ futl scul”e v'ehigle‘-perfonmnce of M = 0.‘95, oitivtu'de = 37 000 ft 1 |."300 m), o-nd'C.L.‘- 0:i7; 8

-The_very stiff structure implied. by this high
vehicle, ...
unrepresentatlve from an aeroelastic dlstortron' '

it is conS|dered that from the crulse ‘

-performance veiwpoint, any research ' vehicle '
_ smaller than approximate 707/DCB -size_would
. - offer .
VMO of 614 KEAS (92.1 m/s). To accomplish
0.47, in level flight, the vehicle

‘the ™%
' "tunnel to full-scale Rx. gap over thatv currently--




confidence. The unusual planform and the very
thin, cambered trailing-edge flaps which result
from the SC wing section are features for which

no high-Ry experience exists. Extrapolation of
tunnel data measured at about Ry =4 X 108
could be dangerous, particularly for CL MaAX -
since the effect of the large highly-swept
inboard leading-edge extension introduces the
possibility of detached stable vortex flow over
the inboard part of the wing at high Ilift
coefficients. The effect of Mach number on
maximum lift is also a matter of concern. To
fully establish the Reynolds-number and
Mach-number effects, the full-scale
combinations of these parameters must be
attainable with the research vehicle. An
illustration of likely capabilities of different size
vehicles is shown on Figure 65. A tentative
carpet of C, \,.x versus M and Ry has been
constructed, which is largely for illustrative
purposes and does not represent a developed
estimate for the M = 0.95 vehicle. It does
however, indicate trends based on conventional
vehicle experience and is representative of the M
= 0.95 configuration at full-scale conditions.
The shaded area represents the range of values
of C that would be obtained during
evaluation of the C,; , ,x levels appropriate to
operating at wing loading between 85 and 140
through an airport altitude band from sea level
to 10 000 ft (3050 m). The ability of research
vehicles, sized at 500-, 2000- and 3000-ft2 (75,
186, and 279 m?2) wing areas, to validate this
full-scale region is indicated by the labeled
points. It is clear that a small vehicle would fall
short of the interesting region and could give a
misleading indication of full-scale
characteristics. The points shown at 500 ft 2
(75 m2) are for 1-g stalls at two wing loadings,
140 and 200, and for sea level and 10 000 ft
(3050 m).

The effects of Mach number and R could be
extended to higher levels by performing
accelerated stalls, giving the effect of high wing
loading, but it is clear that the region of
full-scale interest could never be attained. As
size is increased, the gap between research
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Figure 65. Research vehicle characteristics required to validate low

speed full scale CL
max.

vehicle capability and full-scale conditions
obviously narrows and it can be seen that a
707-sized vehicle is adequate to give good
representation of full-scale conditions.

The simulation of full-scale conditions to
establish the low-speed drag characteristics is of
less importance than the maximum-lift aspect.
Mach number is of less significance and the
effect of Reynolds number is likely to be small
and predictable. Nevertheless, larger vehicles
give better results and the provision of strength
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Figure 66, Reynolds number of different size research vehicles for critical
low speed drag, CL = 1.6 at sea level, takeoff flap.



1o’ allow . high .’ wing loading,
‘ fla ps- extended speeds
idrfferences
various size résearch vehicles to attain full-scale
Ry The critical high-lift configuration drag is
lrkely to be the takeoff case at climbout speed

V The C for this.case is. about 1.6, and: the .

 full:scale - RN for:this case is"43.6 X 106..
- Clearly this cannot be approached wrth any

vehrcle smaller than the 707
Al ‘10'1 3 Stablllty and Control

Vehlcle srze

number is small at-least in'the low- C; regions.
. Non- lmearrtres in the high- -Cp reglons are,

~high' Ry. Results obtained on a small research

‘-:-vehrcle reIatmg to pitch-up boundarles speed*

mstablllty .at high M,
boundary could well
v applred to- fullscale deS|gn A correspondlng

“ situation might also result about the lateral and

and possrble buffet

'».the .use “of a-'small™research’’ vehicle
¢ inherently
| ‘result, whlch would degrade the realism of the
representatron of static and dynamic aeroelastic
: ._"characterrstrcs This* ‘would be further
aggravated if the small vehicle were to be
desrgned to high wing loadlng and high Vo - 3

prevrously suggested from a performance

Aty

comblnatlons

Whrle substantral modification” of the alrplane

- flymg qualltles for an arrplane of a drfferent
“gize;  use “of. such’ technlques in ‘the’ context
conSIdered here would simply- obscure the basic

phenomena which are the object of. the
concepts,

investigation.  Other simulation

AT

and " high
, ‘minimize . ‘any -
Frgure 66 shows' the abrlrty of- o

- comprehensive

.f.«"avarlable

~ requjrements,
.- determine.’ the most - economical .
. obtamlng the requrred |nformat|on

reallstlc desrgn wing Ioadrng, by any research -

is "not expected to be very
‘srgnlfrcant in establlshrng static! stablllty ‘and
- contro]. derlvatlves since the effeéct of Reynolds :

o however Irkely 1o .be subject. to varratlon wrth,.
P RN, the llkely trend being an - |mprovement at -

be conservatrve when :

drrectlonal axes. A more. serrous drawback to' .
ish the”'f
less- erX|ble structure that would

. down" to.. approxrmately a 150 -in. 5
dlameter at the  maximum . area- ruled ‘cross .
- section. This would be approxrmately 1/8 of’
the . full-scale volume and _result in skln gages:. ...

".,Vlewpomt to allow testrng at hrgher Ry-and Cp equal to 1/2 of those for the full- scale alrplane f' '

. response.. to control - inputs, and . to_its' own. -
", " . motions, can'be achieved by use of. artrfrcral_'
stabrlrty systems to provrde ‘a simulation of

~however, might very well permit studies.of théese

_basic' phenomena by the use .of flrght vehicles -~
consrderably smaIIer and therefore .less. costly,v;},-;f,
airplané. - A

than' "the - service transport
study - of the

available  through -

srmulatron ‘

-possibilities’ approprlate

"vhandlmg of the fundamental scalrng parameters‘v’.j S
‘to. “the: ", .

with detarled attentron‘
among the “various srmulatron"
should be.- conducted

interactions

10.1.4 Structural Considerations :

i .Scallng ‘the structure toa vehlcle smaller than an-ct

approximate 250000 “Ib" (113000 kg)

gross- weight airplane would not give adequate_?

simulation of the structural ‘characteristics. of
_the airplane to. produce rellable technrcal data.” .

The wing structure follows the square: cube law, - "~

and’ scaling down to 1/3 size actually means '

:scaling such parameters as torsiona| constant J, " ‘
~ and the . moment "of .inertia to- 1/9 -size:’ The.. '

lnternal loads in the surface would be scaled 10

1/V3 WhICh ‘would reduce -the- structural‘ s

member sizes “to approxrmately 058 . X the

. full-scale _wing box. Attemptlng to ‘go: below a.
1/3~ scale ‘would be " almost

simulate the structure of the llftrng surfaces

The fuselage - structure possrble could be scaled".: ‘.3
“(3:81" .m) .-

‘ 10 2 LARGE GROUND TEST FACILITIES

£

Prevrous dlscussmns i thls report have -
indicated the need for- aerodynamlc data at high
Reynolds numbers to improve the srmulatlon of -
flight characterlstrcs Recently completed '

" "NASA flight testlng, using the F-8 SCW research.

some of 'the_: '_ '
appear - between

.demonstrated
which  might

alrplane has
differences

.wind-tunnel'and flight data resulting"froml scale

means of,

|mposs|ble to”'f‘;. e




effects. The need for ground test facilities to
permit the acquisition of data at full flight
Reynolds numbers has long been recognized.
This need has received greater attention in
recent years as a result of several instances in
which unanticipated Reynolds-number effects
have been encountered during airplane
development programs. Joint efforts by NASA
and DOD are now underway to define the
requirements for new facilities and to develop
plans for construction. Figure 67, copied from
a recent NASA presentation on this subject,
emphasizes the importance of obtaining precise
data from ground test facilities early in an
airplane development program. At this point,
program costs are low and any redesign required
by such data can be accomplished without
major program impacts.

Information developed by the joint NASA-DOD
studies has led to conclusions that three specific
ground test facilities have sufficient priority to
warrant the immediate initiation of planning
and preliminary design:

transonic

(1) High Reynolds number

wind tunnel.
(2) Full-scale subsonic wind tunnel.
(3) Large engine-test facility.
It is expected that these would be national
facilities, available for developmental testing for
both commercial and military aeronautical

programs. Planning for these facilties is not yet
complete. Table X summarizes some
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3500 T T T T T

3000 .

Production
decision

2500 [~ -

- "I"— == =4/ Period of major flight test ~
[ influence on design

|

I

-1
8

12
X “# = =4 Period of major wind tunnel test

Cumulative program costs, 106 dollars

1500 - influence on design -1
1. Full=scale wind tunnel test of critical
component .
1000~ ponents
2, Full=scale wind tunnel test of first aircraft
500~ Repi ative cost of proposed facility 1

/ )

27

Years

Figure 67. Aircraft funding schedule.

TABLE X, GROUND FACILITY REQUIREMENTS

Facility Size Cost, Operational
108 dollars|dote
High Reynolds number Test section 37.5 1976
transonic wind tunnel 8 1 (2,438 m) X 10 ft (3.048 m)
to
16 £t (4,871 m) X 20 ft (6.096 m)
Full scale subsonic wind |[Test section
tunnel 150 ft (45.72 m) X 200 ft (60,96 m) 200 1980
Large engine test fm:ilirﬁ Test cell
(Engines up to 100 000 Ib|28 ft (6.534 m) dia. X 50 ft (15.24 m)] 230 1980
{444 800 N} thrust) -
characteristics of the facilities under

consideration and provides approximate funding
and schedule information.
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